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TOM TAT

Trong bai bao nay, ching t6i st dung phuwong phap hoa lwong tit va md phong
dong hoc phan tr d€ nghién ctu kha nang hdp phu cloxacillin (CLOX) va
dicloxacillin (DICLOX) 1én bé mit kim loai sit. Cac thong s6 luong tr nhw Exomo
va Erumo duoc tinh toan va thao ludn dé€ danh gia kha nang tc ché &n mon cua
chiing. M6 phong Monte Carlo duoc ting dung dé tim cau hinh hdp phu bén nhat
cua cac hop chat e ché an mon trén bé mat Fe(110). Nang luong hip phu tir két
qua tinh Monte Carlo ctia cac hgp chdt CLOX va DICLOX lén bé mit ctia sat trong
ca pha khi va mdi truong axit cing duoc tinh toan. Két qua cho thdy dang proton
héa ctia hai chat nghién cttu ¢ su hdp phu lén bé mat Fe (110) t6t hon so véi dang

trung hoa.

Ttr khoa: cloxacillin, dicloxacillin, sat, ttc ché &n mon, hda tinh toan.

1. MO PAU

Thép nhe la mot loai vat liéu quan trong duoc st dung trong nhiéu nganh cong
nghiép do tinh chat co hoc tuyét voi ctia nd. Tuy nhién, thép rat dé bi &n mon trong cac
diéu kién va moi treong cong nghiép khac nhau, ddc biét 1a moi treong axit. Nghién
cru vé an mon va bao vé dan mon kim loai la mot van dé quan trong da duoc nhiéu nha
khoa hoc quan tam [1, 2]. Bao vé chdng &n mon kim loai c6 thé thuc hién bang nhigu
bién phap trong do cé tinh dén viéc sit dung dén cac chat trc ché dan mon. Chat tic ché
an mon la mot chdt héa hoc ma khi thém vao mdi truong véi mot lwong nho sé lam
giam thiéu dang ké hodc ngan ngtra su an mon [2]. Kha ndng bao vé &n mon cta chat
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tec ché phu thudc vao ddc diém cdu truc phan ti caa hop chat hitu co [3]. Hau hét cac
chat tec ché &n mon tiém nang 1a cac hop chat hiru co ¢6 chira cac di t6 nhu nito, luu
huynh, oxy, phot pho va lién két 7 [4]. Céc chat tic ché hitu co lam giam t6c d6 an mon
bf?mg cach hap phu trén bé mat kim loai va ngan chan cac vi tri hoat dong bf!mg cach
dich chuyén cac phan tr nuedc va tao thanh mot 16p mang mong bao vé bé mat kim loai
[5, 6]. Ngoai ra, mot s& nghién ctru thwe nghiém da chi ra rang cac loai thudc khang
sinh c6 tac dung bao vé cac kim loai khac nhau chdng lai s @&n mon va an toan voi moi
treong [7].

Cloxacillin va dicloxacillin 1a cac chat khang sinh ban tong hop chita electron
di t6' S, N va O (Hinh 1). Khéi luong phan tix du 16n va du phing dé bao pht nhiéu
hon dién tich bé mat trén thép nhe (xay ra qua trinh hdp phu). Nhitng yéu t6 nay thuan
loi cho su twong tac cua cloxacillin va dicloxacillin véi kim loai. Theo nhw ching t6i
biét, chura c6 nghién cttu cu thé nao dugc cong bs vé nghién ctru kha nang hap phu cta
2 hop chét nay bang phuong phap héa lwong tir va mo phong dong hoc phan tir. Do
vay, trong nghién ctru nay ching tdi tién hanh phan tich cac thong sd nhiét dong dac
trung cho kha nang twong tac gitta phan ti chat httu co va bé mdt kim loai, va mo
phong qua trinh an mon trong thitc nghiém tinh todn dong hoc phan tt trong treong
axit HCI 1M ctiing duoc tién hanh.
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Hinh 1. C4u trac cia CLOX va DICLOX.

2. PHUONG PHAP HOA TiNH TOAN
2.1. Phuong phap tinh toan lwong ti

Tinh toan t6i wu hda hinh hoc va tan s6 dao dong dwgc thuc hién trén ca dang
trung tinh va dang proton hda cta phan t chat ttc ché€ ¢ muc ly thuyét B3LYP/6-
31+G(d,p). T4t ca cac tinh toan duoc thuc hién bang chwong trinh Gaussian 09 [8]. Cac
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thong s6 duoc tinh toan gom nang luong cta orbital phan tir bi chiém dung cao nhat
(Enomo), va cua orbital phan tr khong bi chiém dung thdp nhét (ELumo), khoang cach
nang luong gitta Enomo va Erumo (AEL+) duoc tinh toan cung mtkc ly thuyét. Cac orbital
phan ti bién duoc st dung d€ du doan cac trung tam hap phu ctia phan tie chat tec ché.

Ta dwa vao phuwong phurong trinh:

CLOX (DICLOX) + H* = CLOXH*(DICLOXH™) )

dé€ xac dinh vi tri wu tién proton hoa, gia tri ai lyc proton (PA) va do bazo duoc tinh
theo cong thitc sau [9-11]:

PA = —AH = —[H(CLOXH™* (DICLOXH*)) — (H(CLOX (DICLOX)) + H(H"))] (4)

B = —AG = —[G (CLOXH*(DICLOXH*) — (G (CLOX (DICLOX)) + G(H™))] ®)
Trong d6 H va G lan luot 1a gia tri entanpy va nang luong tw do Gibbs cua

dang trung hoa (CLOX (DICLOX)), dang proton hoéa (CLOXH*(DICLOXH*)) va proton
(H»).

Theo dinh ly vé DFT ctia Koopmans [12], nang luwgng ion hda thit nhat IE 1a xap
xi v6i s6 doi cua gia tri Enomo (I= -Enomo) va ai luc electron (EA) 1a xap xi véi s6 d6i cua
gid tri ELumo (A = —ELumo).

Thé hoa hoc (u), d6 am dién (x) la dai luong dwoc dung d€ ddc trung cho kha
nang nhan dién tk ctia phan ti. Chat c6 gia tri x cang 16n, cang dé nhan dién ti va
nguoc lai, chat co gia tri x cang bé, cang dé cho dién tir. Theo dinh nghia xdp xi va toan
t cua Pearson va Parr [13, 14] cac gia tri ctia p va x duoc tinh gan dang theo (6):

_IE+EA_ Ejomo +Evumo
y > (6)

u:—x:

D06 ctiing phan ti (n) la dai lwong déc trung cho su thay doi thé hoa hoc (u) trén
su thay ddi tong s6 nguyén ti N. D6 mém phan ti (S) la dai lwong ddc trung cho s
phan cuc cia dam may dién ti trong cac hop chat héa hoc. Theo dinh ly Janak [15].

— E — Eriomo — Erumo )

=3 2

Chi s6 dién di (w) va chi s6 ai nhan (¢) la hai thong s6 hda luong ti duoc dung
dé dac trung cho kha nang cho va nhan dién t cia cac phan t [16].

X
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Gia tri trao doi dién ti gitta kim loai va chat tc ché an mon duoc tinh nhw sau:

AN — ZM _linh

10
20y + i) (10

Trong d6, x,,, Xy lan lwotla do am dién cta kim loai va chat ttc ché @én mon,

ny va n;.,, lanluot la dd ciing cta kim loai va chat tic ch€ an mon
2.2. M6 phong Monte Carlo (MC) va mo6 phong dong hoc phan tee (MD)

Su tuong tac gitra phan t CLOX va DICLOX va bé mét Fe (110) duoc thuc hién
thong qua mo6 phong Monte Carlo va m6 phong dong hoc phan ti bang phan mém
Material Studio 7.0. Cac truong luc COMPASS dugc sir dung cho cac md phong cua tat
ca cac nguyén tir va ciu truc cta cac phan ti. Pau tién, mé phéng Monte Carlo dwoc
thuc hién dé€ xac dinh dang twong tac bén nhat ctia phan ti trc ch€ voi bé mat Fe (110)
dua vao gid tri ndng luong hdp phu. Sau d6, md phong déng hoc phan tr duoc tién
hanh trong hop c6 thé tich (41 x 36 x 30 A3) chtra ty 1é s§ phan ti H.O/HCl bang 500/9
twong tng véi dung dich HCI 1M va 01 phan ti CLOX (DICLOX) d€ m6 hinh héa thue
t€ hon qua trinh tic ché &n mon thuc nghiém. Cac théng s6 duwoc thiét 1ap cho mod
phong dong hoc nhu nhiét do 298 K, thoi gian 1 budc mo6 phong 1a 0,1 fs va thoi gian
mo phong la 500 ps. Nang luong twong tac — Ex va nang luong lién két — Ex duoc tinh
theo cong thitc sau:

Ei= Et6ng - (EFe+ddHCl + Ecnat e ché') (10)
B = -Eu 11)

Trong dod: Eing, Ererdana va Ecnit oe che [an lwot 14 tong nang lwong ctia hé, nang
luong ctia bé mit st Fe (110) va dung dich HCl va néng luwong caa chat tic ché CLOX
va DICLOX.

3. KET QUA VA THAO LUAN
3.1. Két qua tinh toan luwgng tir

D€ xac dinh dwoc vi tri dé bi proton hoda trong moi treong axit, cac dai lwong ai
luc proton (PA) va d6 bazo (B) cia CLOX va DICLOX duoc tinh toan va két qua trinh
bay ¢ bang 1. Cac gid tri PA va B tir bang 1 cho thdy vi tri wu tién proton héa xay ra &
024 d6i v6i hop chat CLOX va 6 N8 ddi v6i hop chat DICLOX.
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Bdng 1. Cac gia tri &i luc proton (PA) va d¢ bazo (B) ciia CLOX va DICLOX duoc tinh toan ¢
muc ly thuyét BSLYP/6-31+G(d, p)

Hop chat CLOX

Vi tri proton héa N8 N13 N1e6 09 024 025 518
PA (kcal.mol) 2229 209 208,5 181,1 225,3 199,6 198,3
B (kcal.mol?) 214,6 201,5 201,1 173,6 216,4 192,5 190,7
Hop chat DICLOX

Vi tri proton héa N8 N13 N16 09 024 025 518
PA (kcal.mol) 218,3 207,6 207,8 180,0 212,4 199,4 197,6
B (kcal.mol?) 209,8 200,7 200,3 172,4 204,3 192,4 189,8

Cau truc t6i wu hoda, cau trtc cac orbital bien HOMO, LUMO cua phan t 6
trang thai trung hoa va proton hoa trong pha khi ¢ muc ly thuyét B3LYP/6-31+G(d,p)
duoc trinh bay trong Hinh 2.

C4u trtc orbital HOMO ctia phan tit cho biét cac vi tri ¢6 kha nang cho dién tk
ctia phan t&. Trong d6, cac viing khong gian bao quanh mdi nguyén tr (mau nau va
mau xanh 14 cay) twong tng v6i cac cau truc orbital HOMO tai vi tri d6 (Hinh 2). Nhu
vay, vi tri ¢ cdu truc HOMO c6 kich thude cang 16n, vi tri d6 cang dé cho dién tr va
nguoc lai. D61 voi cac hgp chat e ché€ an mon, khi hdp phu 1én bé mét kim loai, cac
phan t& chat tc ché€ c6 kha nang cho dién t vao cac orbital-d trong ctua kim loai [17].
Dua vao cdu truc HOMO ctia CLOX va DICLOX, c¢6 thé nhan thdy ciu trac orbital
HOMO c6 kich thwdc 16n tai vi tri ving vong 4 chtra di t6 N va tai vung vong 5 chira di
t0 S.

CAu trac orbital LUMO cho biét cac vi tri dé nhan dién ti ctia phan ti. Twong
tw v6i cau trac HOMO, cac viing khong gian (c6 mau nau va xanh 14 cay) biéu dién cac
orbital LUMO ctia phan t. Cac vi tri c6 kich thwdce orbital LUMO cang 16n, cang khé
nhan dién ti. Cac vi tri cd kich thwéc LUMO cang bé cang dé nhan dién te. Khac véi
cau truc HOMO, ciu trac LUMO ctia CLOX va DICLOX duoc xac dinh trong Hinh 2
phan bo tap trung trén vong isoxazole va clophenyl.

77


https://vi.wikipedia.org/w/index.php?title=Isoxazole&action=edit&redlink=1

Nehién ciru khd niang hip phu cloxacillin va di cloxacillin 1én bé mdt kim loai sit (Fe) ...

CcLoX CLOXH* DICLOX DICLOXH*

Cau tric t&ivu

HOMO

LUMo

Hinh 2. C4u trtc hinh t6i wu va orbital bién cua CLOX va DICLOX ¢ trang thai trung hoa va
proton hda & mtrc ly thuyét B3LYP/6-31+G(d,p) trong pha khi.

D6i véi cac hop chat an mon, qua trinh hap phu chat tec ch€ an mon 1én bé mat
kim loai vira xay ra qua trinh cac chét trc ché ddy dién t&r vao orbital-d trong ctia kim
loai, vira xay ra qua trinh nhéan dién tt tr bé mat kim loai vao cac chat ttc ché. Dya vao
cdu trac HOMO va cdu trac LUMO ta dé dang nhan ra céc vi tri twong tac gifta chat tic
ché& an mon doi voi bé mat kim loai xay ra tai cdc vong chira lién két © haycac di t6 nhw
S,NvaO.

Két qua tinh toan cac thong sd hoa luwong tit nhu Enomo, ELumo, chénh 1éch nang
lwgng (AEL-+), do ciing phéan tr (1)), d0 mém phan tw (S), d6 am dién (y), ty 1é dién tw
trao doi gitta chat tc ché &n mon véi bé mat kim loai (AN), chi s dién di (w) va chi sd
ai nhan (&) va moment ludng cuc d6i véi CLOX va DICLOX trinh bay trong Bang 2 va
Bang 3

Gia tri Enomo dung d€ danh gia kha nang cho dién tt cia phan tix. Mot phan tk
c6 gia tri Enomo cang 16n, phan ti d6 cang dé cho dién t&. Theo Bang 2 va Bang 3 thi
CLOX la chat dé cho dién tir véi gid tri Exomo tong ting trong pha khi va pha nueée Ian
lwgt la -6,777 eV va -6,762 eV. Trong khi DICLOX la chat kho cho dién t& véi gia tri
Enomo tuong tng trong pha khi va pha nudc lan luot la -6,805 eV va -6,764 eV nén kha
nang tc ché cua dn mon cta CLOX > DICLOX twong tng véi chiéu giam cua gid tri
Enowmo.

Gia tri ELumo cling 1a mot dai lwong dé€ danh gia kha néng tic ché dan mon cta
céc chat tic ch& &n mon. Gia tri Erumo cang bé, phan ti cang dé nhan dién te [18, 19].
Theo Bang 2 thi DICLOX la chat dé nhan dién t véi gia tri Eromo twong ting trong pha
khi va pha nudc lan lugt la -1,535 eV va -1,507 eV. Trong khi CLOX la chat kho nhan
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dién ti v6i gia tri ELomo twong ting trong pha khi va pha nuwdc lan luot 1a -1,372 eV va -
1,422 eV nén kha nang tic ché cua an mon caa DICLOX > CLOX tuong Gng vdi chiéu
tdng cua gia tri ELomo.

Dai voi cac chat tic ch€ hoat dong nhu mot bazo Lewis [20], cac phan ti c6 kha
nang cho dién t& vao cac orbital-d trdng ctia kim loai d€ hinh thanh lién két va hap
phu 1én bé mat kim loai. Nhu vay, gia tri Enomo déng vai tro quan trong hon trong viéc
danh gia kha nang ttc ch€ an mon kim loai nén kha nang trc ché caia CLOX > DICLOX.

Theo S. K. Saha [21] d chénh léch ndng luong AEL-1cang 16n chitng té phan ta
cang kém phan cuc, va nguoc lai, gia tri AELu cang bé chiing té phan ti cang dé tu
phan cye. Twong tw voi AELs, gid tri do cing phan tir () la dai lwong dédc trung cho
dd bén phan ti. Phan t& ¢ 1) cang 16n cang bén, do dé cang khé tham gia tuwong tac
héa hoc. Trai nguwgc voi d6 ciing phéan tit, d0 mém phan ti (S) 1a dai lwong duoc sw
dung dé€ danh gia sy phan cuc ciia dam may dién tt. Theo Pearson, phan tir chat tc
ché& cang phan cuc cang dé hap phu 1én bé mat kim loai, do d6 hiéu qua tic ché an mon
cang cao [22]. Theo két qua Bang 2, CLOX la chédt kém phéan cuc trong ca pha khi va
dung moi nuede véi gid tri AEL-+ =5,405 eV, 1 =2,703,5=0,370 va AEL-u=5,339 eV, 1 =
2,670, S = 0,375. Nguoc lai DICLOX la chat dé phan cuc AEL1=5,270 eV, n=2,635, S =
0,380 trong pha khi va AEL-u = 5,256 eV, 11 = 2,628, S = 0,380. Dua vao do chénh léch
nang luong, do ciing phan tr va do mém phan tt, kha nang tc ché &n mon caa CLOX
< DICLOX.

Theo Pearson va Parr [13, 14], gia tri cta &i lyc dién t tuyét d6i (), dugc tinh
bang am ctia th& héa hoc (u), cling cho biét xu hudng ctia phan tir chat tc ché hut cac
dién t (hodc mat do dién tr) vé phia chinh né khi tuwong tac véi cac nguyén tw sit.
Phan t&r ¢6 d¢ am dién cang cao thi sy hdp phu cta né trén bé mat kim loai cang manh.
Két qua tir Bang 2 va Bang 3 cho ta thay, kha nang nhan dién ti ting 1én nhu theo th
tw: CLOX < DICLOX, tuwong tng vdi 4,074 eV ddi véi CLOX va 4,170 eV ddi véi
DICLOX trong pha khi. Twong tir véi dung moi nuedc, gia tri cia CLOX 1a 4,092 va cta
DCLOX 1a 4,135. Theo quy tac can bang dién ctia Sanderson[23], dién t trao d6i tir
chéat co x thap (tir chat Gic ch€ @an mon) sang chat co x cao (bé mat kim loai). Su trao doi
dién t&r xay ra cho dén khi x ctia hai chat cé gia tri bang nhau. Nhu vay, hop chat véi
gia tri x cang thap la hop chat c¢é kha nang trao d6i dién tit tuyét d6i manh d6i voi bé
mat kim loai. Theo Bang 2 va Bang 3 kha nang ttc ché an mon cua CLOX va DICLOX
trong pha khi va dung moi xét theo kha nang trao doi dién tir véi bé mat kim loai
CLOX > DICLOX.
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Bang 2. Cac thdng s6 nhiét dong ctua cia CLOX va DICLOX duoc tinh toan ¢ muec ly thuyét
B3LYP/6-31+G(d, p) trong pha khi.

, Exnomo Erumo

Chat tc ché
(eV) (eV)

AELn IE

X
(eV)

n (eV)

u
(1/eV) (Debye)

CLOX -6,777 -1,372
CLOXH* -9,995 -5,677
DICLOX -6,805 -1,535

DICLOXH* -9,174 -6,375

5,405 6,777 1,372
4,318 9,995 5,677
5,270 6,805 1,535

2,800 9,174 6,375

4,074
7,836
4,170

7,775

2,703
2,159
2,635

1,400

0,370 4,851 3,071 0,326 0,54
0463 8,427 7,110 0,141 -0,19
0,380 14,990 1,650 0,606 0,54

0,714 17,921 10,795 0,093 -0,28

Bang 3. Cac thong s nhiét dong cua caia CLOX va DICLOX duoc tinh toan ¢ mtc ly thuyét
B3LYP/6-31+G(d, p) trong dung mdi nuede.

Enomo Erumo

Chat ttc ché
(eV) (eV)

AELn  IE

X
(eV)

n (eV)

u
(1/eV) (Debye)

€ AN

CLOX -6,762 -1,422
CLOXH* -7,144 -2,656
DICLOX -6,764 -1,507

DICLOXH* -6,890 -3,034

5,339 6,762 1,422
4,488 7,144 2,656
5256 6,764 1,507

3,855 6,890 3,034

4,092
4,900
4,135

4,962

2,670
2,244
2,628

1,928

0375 4,851 3,136 0,319 0,54
0446 8,427 2,675 0,374 047
0,380 14,990 1,627 0,615 0,54

0,519 17,921 3,193 0,313 0,53

3.2. Két qua tinh toan mé phong MC va MD

Hinh 3 thé hién céc cdu hinh hdp phu bén nhét caia CLOX va DICLOX va dang
proton héa ctia chiing trong pha khi 1én bé mit Fe (110). Bang 4 tém tit ning lieong
hdp phu tinh toan duoc cua cac dang hap phu nay.

CcLoX

M3t trude

M3t trén

CLOXH*

DICLOX DICLOXH*

Hinh 3. C4u hinh nang luwong thdp nhat ctia dang trung tinh va proton héa ctia CLOX va

DICLOX hép phu trén Fe (110).
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Bang 4. Nang luong hap phu cua cau hinh bén nhat trén bé mat Fe(110) cia CLOX va DICLOX

0 trang thai trung hoa va proton hoa

Hé Nang luwong hdp phu (kcal/mol)
Fe(110)/ CLOX -358,2
Fe(110)/ CLOXH* -296,0
Fe(110)/ DICLOX -348,5
Fe(110)/ DICLOXH* -267,1

Quan sat Hinh 3, ta thdy twong tac song song gitta bé mat phan tt ctia cac chat
nghién cttu voi bé mdt Fe dong vai tro quan trong trong cadu hinh bén hap phu bén cua
chiing. Ngoai ra, sy proton hda ctia cdc chdt hap phu gitp lam ting manh nang luong
hdp phu (theo chiéu ndng luong it &m hon). That vay, CLOX va CLOXH* ¢ ndng
luong hap phu twong tng la -358,2 va -296,0 kcal.mol'. Tuong tw, DICLOX va
DICLOXH? ¢6 nédng luong hap phu twong tng la -348,5 va -267,1 kcal.mol .

Ngoai ra, m6 phong déng hoc phan ti duoc tién hanh dé nghién ctru sy twong
tac ctia chat hap phu lén bé mat Fe (110) trong mdi trueong axit HCl1 1 M ¢ 298 K. Hinh 4
biéu dién mat trude va mat trén cia CLOX, DICLOX va c4c dang proton héa ctia chiing
hap phu lén bé mat cta Fe (110) trong moéi treong axit. Quan sat Hinh 4, ta ¢6 thé thay
rang c&u hinh hdp phu cta hai chat nghién cttu va dang proton héa ctia né 1én bé mat
Fe trong moi treong axit cling khong khac nhiéu trong pha khi. Trong d6 cau hinh theo
twong tac mat nghia la cdc phan tt gan nhw song song voi bé mdt Fe dong vai tro quan
trong. Trong mo6 phong dong luc hoc phan tt, nang luong twong tac va nang luong
lién két 1a nhiing thong s6 quan trong dé€ danh gia kha nang Gic ché an mon ctua cac
phan t& chat G ch€ [24]. Gia tri am cua ndng lwong tuwong tac (Ex) thé hién sy twong tac
manh gitta phan t& chat tc ché va bé mat kim loai trong khi gia tri 16n cua nang luong
lién két cho thdy sy hdp phu manh va bén cua phan t&r chét trc ché€ [25]. Két qua Bang 5
cho thdy nang luong lién két ctia dang proton hoa tang nhe so vdi dang trung hoa cta
hai chat nghién cttu. Diéu nay c6 nghia la dang proton héa hap phu manh hon so véi
dang trung hoa. That vay, nang luong lién két ctia dang trung hoa Fe (110)/CLOX/HCl
va Fe (110)/DICLOX/HCI tuong ting la 1753,8 va 1748,2 kcal.mol . Nang luong lién két
cua dang proton Fe (110)/CLOXH*/HCI va Fe (110)/DICLOXH*/HCI twong tng la
1756,0 va 1754,1 kcal.mol!.
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CLOX CLOXH* DICLOX DICLOXH*

Hinh 4. Cau hinh caa CLOX va DICLOX (dang trung tinh va proton héa) hap phu trén Fe (110)
trong dung dich HCl 1M.

Mat trude

Mt trén

Bdng 5. Nang luong twong tac va nang lugng lién két cia CLOX va DICLOX trén bé mat Fe
(110) (Pon vi: kcal.mol?)

Hé Eténg EFe+ddnal Echat vc che Eu Ex

Fe(110)/CLOX /HCl 4911,2 4629,9 2035,1 -1753,8 1753,8
Fe (110)/CLOXH*/HCI 4910,8 4629,9 2036,9 -1756,0 1756,0
Fe(110)/DICLOX /HCl 4919,2 4629,9 2037,5 -1748,2 1748,2
Fe (110)/DICLOXH*/HCI 4911,6 4629,9 2035,8 -1754,1 1754,1

4. KET LUAN

Trong bai bao nay, ching t6i da khao sat nghién ctru kha nang hap phu caa
cloxacillin (CLOX) va dicloxacillin (DICLOX) 1én bé mat kim loai sit Fe (110). Mot s8
thong s6 hoa luong tir ddc trung cho kha nang tuong tac cua mot chat 1én bé mat kim
loai da dwgc tinh todn nhu: Exomo, ELumo, chénh 1éch nang lwong (AEL-+), d0 ciing phan
tee (n), d0 mém phan tw (S), d6 am dién (x), ty 1&é dién tk trao doi gitta chat tc ché dan
mon véi bé mdt kim loai (AN), chi s6 dién di (w) va chi s6 ai nhan (¢) va moment ludng
ciee. Ngoai ra, cac tinh toan dong hoc phan ti (MD) trong pha khi va moéi truong axit
HCl 1 M cling dugc thye hién. Két qua cho phép du bdo kha nang twong tac hdp phu
cua hai chat nghién cttu lén bé mat kim loai. Tinh todan MD thu duwoc nang luong lién
két ctia dang proton hda (Fe (110)/CLOXH*/HCI va Fe (110)/DICLOXH*/HCl) tuong
tng la 1756,0 va 1754,1 kcal.mol’, dang trung hoa (Fe (110)/CLOX/HCI va Fe
(110)/DICLOX/HCI) twong tng la 1753,8 va 1748,2 kcal.mol'. Két qua thu duwoc goi y
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kha nang tng dung tiém nang cta hai chédt cloxacillin (CLOX) va dicloxacillin

(DICLOX) lam chét trc ché &n mon hiéu qua va than thién moéi truong.

[1].
(2].

13].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

TAI LIEU THAM KHAO
Sastri VS. (2011). Green Corrosion Inhibitors: Theory and Practice. JohnWiley & Sons.

Raja PB, Sethuraman MG (2008). Natural products as corrosion inhibitor for metals in
corrosive media — A review, Materials Letters, Vol. 62, pp. 113-6.

Masoud MS, Awad MK, Shaker MA, El-Tahawy MMT (2010). The role of structural
chemistry in the inhibitive performance of some aminopyrimidines on the corrosion of
steel, Corrosion Science, Vol. 52, pp. 2387-96.

Rani BEA, Basu BBJ (2012). Green Inhibitors for Corrosion Protection of Metals and
Alloys: An Overview, International Journal of Corrosion, Vol. 2012, pp. 1-15.

Yiice AO, Kardas G (2012). Adsorption and inhibition effect of 2-thiohydantoin on mild
steel corrosion in 0.1M HCI, Corrosion Science, Vol. 58, pp. 86-94.

Satpati S, Saha SK, Suhasaria A, Banerjee P, Sukul D (2020). Adsorption and anti-
corrosion characteristics of vanillin Schiff bases on mild steel in 1 M HCl: experimental
and theoretical study, RSC Advances, Vol. 10, pp. 9258-73.

Gece G (2011). Drugs: A review of promising novel corrosion inhibitors, Corrosion Science,
Vol. 53, pp. 3873-98.

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, et
al. Gaussian 09, Revision A.02. Gaussian, Inc., Wallingford CT2009.

Makowski M, Raczynska ED, Chmurzynski L (2001). Ab Initio Study of Possible and
Preferred Basic Site(s) in PolyfunctionalN1,N1-Dimethyl-N2-cyanoformamidine, The
Journal of Physical Chemistry A, Vol. 105, pp. 869-74.

Raczynska ED, Darowska M, Dabkowska I, Decouzon M, Gal JF, Maria PC, et al. (2004).
Experimental and theoretical evidence of basic site preference in polyfunctional
superbasic amidinazine: N(1),N(1)-dimethyl-N(2)-beta-(2-pyridylethyl)formamidine, The
Journal of organic chemistry, Vol. 69, pp. 4023-30.

Raczynska E, Makowski M, Gornicka E, Darowska M (2005). Ab Initio Studies on the
Preferred Site of Protonation in Cytisine in the Gas Phase and Water, International Journal
of Molecular Sciences, Vol. 6, pp. 143-56.

Koopmans T (1934). Uber die Zuordnung von Wellenfunktionen und Eigenwerten zu
den einzelnen Elektronen eines Atoms, Physica, Vol. 1, pp. 104-13.

Pearson RG (1988). Absolute electronegativity and hardness: application to inorganic
chemistry, Inorganic chemistry, Vol. 27, pp. 734-40.

Pearson RG (1987). Recent advances in the concept of hard and soft acids and bases,
Journal of Chemical Education, Vol. 64, pp. 561.

Janak JF (1978). Proof thatd Ed n i= ¢ in density-functional theory, Physical Review B, Vol.
18, pp. 7165.

83



Nehién ciru khd niang hip phu cloxacillin va di cloxacillin 1én bé mdt kim loai sit (Fe) ...

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

Parr RG, Szentpaly Lv, Liu S (1999). Electrophilicity index, Journal of the American
Chemical Society, Vol. 121, pp. 1922-4.

Huong DQ, Lan Huong NT, Anh Nguyet TT, Duong T, Tuan D, Thong NM, et al. (2020).
Pivotal Role of Heteroatoms in Improving the Corrosion Inhibition Ability of Thiourea
Derivatives, ACS omega, Vol. 5, pp. 27655-66.

Gece G (2008). The use of quantum chemical methods in corrosion inhibitor studies,
Corrosion science, Vol. 50, pp. 2981-92.

Khalil N (2003). Quantum chemical approach of corrosion inhibition, Electrochimica Acta,
Vol. 48, pp. 2635-40.

Obot I, Kaya S, Kaya C, Tiiziin B (2016). Density Functional Theory (DFT) modeling and
Monte Carlo simulation assessment of inhibition performance of some carbohydrazide
Schiff bases for steel corrosion, Physica E: Low-dimensional Systems and Nanostructures, Vol.
80, pp. 82-90.

Saha SK, Ghosh P, Hens A, Murmu NC, Banerjee P (2015). Density functional theory and
molecular dynamics simulation study on corrosion inhibition performance of mild steel
by mercapto-quinoline Schiff base corrosion inhibitor, Physica E: Low-dimensional systems
and nanostructures, Vol. 66, pp. 332-41.

R. G. Pearson (1987). Recent advances in the concept of hard and soft acids and bases, |
Chem Educ, Vol. 64, pp. 561.

Obot I, Obi-Egbedi N (2010). Theoretical study of benzimidazole and its derivatives and
their potential activity as corrosion inhibitors, Corrosion Science, Vol. 52, pp. 657-60.

Gupta R. K., Malviya M., Ansari K. R., Lgaz H., Chauhan D. S., Quraishi M. A. (2019).
Functionalized graphene oxide as a new generation corrosion inhibitor for industrial
pickling process: DFT and experimental approach, Materials Chemistry and Physics, Vol.
236, pp. 121727.

Xu B, Ji Y., Zhang X, Jin X, Yang W., Chen Y. (2015). Experimental and theoretical
studies on the corrosion inhibition performance of 4-amino-N,N-di-(2-pyridylmethyl)-
aniline on mild steel in hydrochloric acid, RSC Adv, Vol. 5, pp. 56049-59.

84



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 19, S6 2 (2021)

INVESTIGATION OF ADSORPTION CHARACTERISTICS
OF CLOXACILLIN AND DI CLOXACILLIN ON STEEL SURFACE
USING THE QUANTUM CHEMISTRY AND MOLECULAR DYNAMIC
SIMULATION METHODS
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ABSTRACT

We theoretically investigate structure, property and inhibitory ability of cloxacillin
(CLOX) and dicloxacillin (DICLOX) using density functional theory (DFT) and
molecular dynamic simulation. The analysis of natural bond orbitals shows that
the CLOX and DICLOX may have the capability in donating electrons to
unoccupied orbitals of metal and exhibit equal possibility to accept free electrons
from metal which might be considered as good corrosion inhibitors. Monte Carlo
simulation was applied to find the most stable adsorption configuration of the
studied compounds on the surface of Fe (110). All the molecules CLOX and
DICLOX adsorbed totally in a parallel at manner on Fe (110), which enhances its
surface coverage as good interaction with the steel surface Fe (110). The interaction
energies between the cloxacillin and dicloxacillin compounds and the surface of Fe
(110) were also calculated by molecular dynamic simulation in both gas phase and
acid HCl 1M environment. As the result, the protonated forms of the studied
compounds represent lower adsorption energies than the ones of the neutral form.
Theoretical calculation results in this study will open new direction to the
experimental studies related to corrosion inhibitory action of organic compounds

on steel surface.

Key words: cloxacillin, dicloxacillin, iron, corrosion inhibitor, computational

chemistry.
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