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PAT VAN PE
Uc ché dn mon bang cac hop chat hitu co 14 ndi dung duoc d& cap
chinh trong phuong phap tiép can. Trén nguyén tic chung, dé qua trinh
trc ché tdt, cac hop chét hitu co str dung can phai hap phu t6t trén bé
mit kim loai. Thong thuong, cac hop chat vong thom chira cac di
nguyén té nhu O, N, S va P s& duoc quan tdm nghién ctru do chinh céc
di t nay 13 cac nguyén t6 giau electron va chiing dé dang hap phu trén
bé mit kim loai théng qua qua trinh tao lién két cho nhan electron voi
cac nguyén tir kim loai. Ngoai cac di t6 thi vong thom ciing 1a mot yéu
t6 quan trong dong gop lam ting cudng vao qua trinh hip phu, chinh
hé thong electron 7 s& lam ting twong tac tinh dién giira cac chat trc
ché va bé mat kim loai. Trén co s& phan tich di néu, cac hop chét co
chira cac di t6 va electron 7 s& 1a mot trong cac ddi tuong can duoc
quan tam khi nghién ctru cac chit trc ché dn mon kim loai. Bén canh
do, viéc sir dung cac hop chét c6 tac dong 6 nhiém thap dén moéi truong
cling 1a mét tiéu chi can dugc dat ra khi nghién clru cac chét rc ché an
mon kim loai.
O cac nudce co da dang sinh hoc cao nhu Viét Nam, co thé tim dugc
nhiéu ngudn san pham thién nhién c6 tiém ning dé lam chat &rc ché an
mon. Pong thoi két hop giita thyc nghiém va hoéa hoc tinh toan 1a mot
xu hudng hién dai, thu hit dugc sy quan tdm 16n ctia cong dong khoa
hoc & thoi diém hién tai.
Chinh vi vdy, nghién ctru sir dung cac chat than thién voi méi truong
dé chdng an mon kim loai 1a hudng tiép can mang tinh cip thiét va
phtt hop vé&i xu hudng thé gidi. Xuét phat tir thyc trang va nhu cau
trong linh vuc nghién ciru chdng an mon kim loai, ching toi chon dé
tai “Nghién ciru kha niing wc ché in mon kim loai ciia mot s6 hop
chit hitu co bing phwong phap héa tinh toan két hep véi thuc
nghiém”.
Nhiém vu cia luin an
- Nghién ctru kha nang hap phy va xac dinh chat c6 tiém nang irc ché
dn mon hiéu qua cta cac hop chat hitu co c6 ngudn gde thién nhién (14
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sa ké va vo mang cut) bang phuwong phap hoa lugng tir va mé phong
dong lyc hoc phan ta.

- Nghién ctru 1y thuyét sy anh huéng ciia nhom thé dén kha nang trc
ché an mon cuia cac dan xudt thiophene.

- Nghién ctru mbi quan hé giira cau tric va kha ning rc ché dn mon
thép ctia cac hop chat khang sinh (cloxacillin, dicloxacillin, ampicillin,
amoxicillin) két hop phuong phap 1y thuyét va thyc nghiém.

Y nghia khoa hoc va thue tién ciia luin 4n

Ludn 4n d3 thu duge mot sd két qua moi nhu sau:

- Pa nghién ctru va danh gia kha ning hip phu cua cac 3 din xuit
altilisin c6 ngudn gdc tir 14 sa ké va 14 hop chat xanthone c6 ngudn
gdc tir vo méng cut thong qua cac théng sé lwong tir va md phong dong
luc hoc phén tir. Két qua da cho thiy rang hop chét altilisin H (AH)
va tovophyllin A (14) |1a nhitng chat e ché an mon tiém ning.

- Két qua nghién ctru cho thdy rang cac hop chat chira nhém day
electron (2-thenylthiol (TT), 2-pentylthiophene (PT) va 2-
methylthiophene—3-thiol (MTT)) ¢ kha ning trc ché tot hon so voi
cac hop chét chira nhém hut electron (2—acetylthiophene (AT) va 2—
formylthiophene (FT)). Trat tu vé hoat tinh trc ché an mon cua cac dan
xudt thiophene duoc sip sép nhu sau: TT > MTT > PT > AT > FT.

- P tinh toan cac thong s6 hoa lugng tir dic trung cho kha ning tuong
tac cua cloxacillin (CLOX) va dicloxacillin (DICLOX) 1én bé mat kim
loai nhu: Exomo, ELumo, chénh 1€ch nang luong (4EL-+), dd cirng phan
tir (17), d mém phan tir (S). Ngoai ra, mdé phong Monte Carlo ciing
dugc thue hién. Két qua thu dugc cho thdy tiém niang tng dung cta
CLOX va DICLOX lam chét trc ché an mon hiéu qua va than thién véi
moi trudng.

- Cac phuong phéap nghién ctru Iy thuyét, bao gdm phuwong phap DET,
phuong phap moé phong Monte Carlo (MC) va mo6 phong dong luc hoc
phan tir (MD) két hop v&i cac phuong phap thue nghiém (phwong phap
t6n hao khdi lugng, dudng cong phén cuc, tong trd va SEM) dugc sir
dung dé danh gia mdi quan hé giita ciu triic va hiéu qua trc ché &n mon
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kim loai st cua ampicillin (AMP) va amoxicillin (AMO). Két qua cho
thiy AMO c6 hoat tinh e ché dn mon t6t hon so véi AMP, diéu nay
c¢6 nghia 1a nhém OH trong hop chdt AMO déng gop vai trd quan trong
trong ting cudng hoat tinh chdng an mon ctia hop chét khang sinh.

CHUONG 1. TONG QUAN LY THUYET
1.1. TONG QUAN VE AN MON KIM LOAI
1.2. CAC PHUONG PHAP CHONG AN MON KIM LOAI
1.3. TINH HINH NGHIEN CUU VE KHA NANG UC CHE AN
MON KIM LOALI
1.4. CO SO LY THUYET CAC PHUONG PHAP NGHIEN CUU

CHUONG 2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. NOI DUNG VA POI TUQNG NGHIEN CUU
2.1.1. Ngi dung nghién cau
Luan 4n gdm cac ndi dung chinh sau:
- Nghién ciru kha ning hap phu va xac dinh chat c6 tiém ning trc ché
an mon hiéu qua ctia cac hop chat hitu co c6 ngudn gde thién nhién (14
sa ké va vo mang cut), ddn xuat thiophene bing phwong phap hoa
luong tir va mé phong Monte Carlo.
- Nghién ctru mbi quan hé giira cau tric va kha ning rc ché dn mon
thép ctia cac hop chat khang sinh (cloxacillin, dicloxacillin, ampicillin,
amoxicillin) két hop phuwong phép tinh toan 1y thuyét va thuc nghiém.
+ So sanh kha ning rc ché an mon kim loai cta cac hop chat hitu co
ho khang sinh bang phuong phap tinh toan hoa lugng tir, md phong
Monte Carlo va m6 phong dong luc hoc phan tur.
+ So sanh kha ning rc ché an mon ctia mot s6 hop chat hitu co trong
dung dich HCI 1M bang phuong phép kinh hién vi dién tir quét (SEM),
dudng cong phan cuc, phd tong trd.
+ Anh hudng ciia nhiét do dén kha kha nang trc ché an mon.
+ Anh hudng ciia ndng d6 chét trc ché dén kha nang e ché an mon.



2.1.2. Pdi twong nghién ciu

- Céc hop chat hitu co c6 ngudn gbc thién nhién (14 sa ké va vo ming
cut).

- Céc dan xuit ciia thiophene.

- Cac hop chat khang sinh (ampicillin, amoxicilli, cloxacillin va
dicloxacillin)

2.2. PHUONG PHAP NGHIEN CUU TiNH TOAN LY THUYET
2.3. PHUONG PHAP NGHIEN CUU THUC NGHIEM

CHUONG 3. KET QUA VA THAO LUAN
3.1. NGHIEN CUU KHA NANG HAP PHU CUA CAC HQP
CHAT CO NGUON GOC TU VO QUA MANG CUT VA LA SA
KE LEN BE MAT KIM LOAI SAT (Fe)
3.1.1. Giéi thiéu
Trong phan nghién ciru nay phuwong phap hoa lugng tir va mé phong
dong lyc hoc phan tir dugc st dung dé lam sang té hon vé kha nang
hap phu va xac dinh chat c6 tiém ning trc ché an mon hiéu qué ciia cac
hop chét hitu co c6 ngudn gde thién nhién. Nghién ctru kha niang hap
phu cta cac cac din xudt Altilisin c6 ngudn gdc tir 14 sa ké
3.1.1.1. Két qud tinh todn lwong ti
a. Dang trung hoa
Dbi voi kha ning tre ché an mon kim loai, cac chat e ché hoat dong
nhu mot bazo Lewis. Didu ndy ¢ nghia 1a cic phan tir c6 tiém ning
trc ché an mon kim loai tdt 1a cac phan tir c6 kha ning cho electron
Va0 céc orbital—d trong ciia kim loai dé hinh thanh lién két va hap phu
1én bé mit kim loai. Nhu vy, theo tiéu chi nay, gia tri Enomo dong vai
trd quan trong hon trong viéc danh gia kha ning {rc ché an mon kim
loai cua cac dan xuét altilisin. Vi vy, kha ning (rc ché an mon cua 3
dan xuét nghién ctru dugc sap xép theo chiéu nhu sau: AJ < Al < AH.
D6i vai cac phan tir trc ché an mon kim loai, phan tir chat trc ché cang
phan cuc cang d& hap phu 1én bé mat kim loai, do d6 higu qua trc ché
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an mon cang cao. Nhu vay, chat c¢6 kha ning trc ché an mon 6t 1a chat
c6 gia tri AEL 1 va 7 thap, dong thoi gia tri S cao. Dua vao sb lidu vé
AEL 1, 7 V& S trong Bang 3.1, AH 1a hop chét dé bi phan cuc nhit véi
AELn = 3,197 eV, n = 1,598 va S = 0,626 trong pha khi tinh bang
phuong phap B3LYP/6-311G(d,p). Nguoc lai AJ 1a chat kém phan
cuc nhat voi véi AEL 4 = 3,588 eV, 7 = 1,794, va S = 0,557 trong pha
khi tinh bang phuong phap B3LYP/6-311G(d,p). Nhu véy, dya vao
d6 chénh 1&ch nang luong, do cirng phan ti va do mém phan tur, kha
nang e ché in mon cia ba dan xuat altilisin duoc xép theo chiéu nhu
sau: AH > Al > AJ.

b. Dang proton hda

Anh huéng ciia ion H* 1én cac tinh chat héa hoc ctia cac din xut
altilisin théng qua sy thay ddi cac gia tri thong sb hoa lugng tir. Mot
s6 thong s6 hoa luong tir ¢6 gid tri giam va mot s thong sb hoa luong
tir ¢6 gia tri ting lén. Vi du gia tri ELumo giam tir 4,175 dén 4,439 eV
trong khi gia tri Enomo giam tir 2,234 dén 2,481 eV. Nguyén nhan la
do céc dang proton hoa mang dién tich duong, thiéu hut electron, do
d6 cac dang proton hoa ciia cac dan xuét Altilisin (mang ban chét 1a
cac cation) kho cho electron hon so v6i dang trung hoa nhung lai dé
nhan electron hon. Gia tri do chénh léch ning luong cta cac dan xuét
cling c6 xu huéng giam di. Didu nay ciing ¢ nghia 1a d cling phan tir
ctia cac dang proton hoa thip hon, 0 mém phan tir cua cic dang
proton hoa cao hon so véi dang trung hoa. Do d6, cac dang proton hoa
la phan cyc manh hon so voi cac dang trung hoa. Xu hudng danh gia
kha ning trc ché dn mon ciia cac dang proton héa ctia cac dan xuét dwa
Vvao Enomo va ELumo Vgln 1a AH > Al > AJ.

3.1.1.2. Két qud phwong phdp mé phéng Monte Carlo

Mo phong Monte Carlo va dong luc hoc phan tir duoc thuc hién dé
danh gia kha ning hap phu cia ba din xuat Altilisin 1én bé mat
Fe(110). T4t c4c cac phan tir altilisin déu hip phu 1én bé mat kim loai
Fe(110) theo twong tac mat, co nghia 1a bé mat cAc phan tir altilisin
gan nhu song song v&i bé mat kim loai khi hdp phu. Day 1a 1y do cac
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gi tri nang luwong hap phu cia cac dan xuat nay déu co gia tri am rat
cao. Gia tri hip phu c¢6 ning luong thap chiing té ning lwong twong
tac gitra cac cac dan xuat altilisin so voi bé mat kim loai c6 gia tri cao.
Diéu nay c6 nghia 1a gitra cAc dan xuat altilisin va bé mat kim loai da
hinh thanh tuong tac hdp phu bén viing. Cac gia tri niang luong cé thé
dugc xac dinh trong Bang 3.4. Nang lugng hap phu c6 gié tri cao nhat
(&m thap nhat) 1a —222,4 kcal/mol cia AJ va thap nhat (dm nhat) 1a
—229,6 kcal/mol cia AH. Nhu viy, gia tri nang lugng tuong tac, kha
nang e ché an mon cia cac din xuat altilisin d6i voi bé mat Fe(110)
giam dan nhu sau AH > Al > AJ. Piéu nay ciing cho thiy ring, ba
hop chat hitu co nghién ciru ¢6 kha ning hap phu t6t 1én bé mat kim
loai sét va do d6 chung kha ning trc ché an mon kim loai. Nghién ctru
kha ning hip phu ctia cac din xuat xanthone c6 ngudn gdc tir vo mang
cut

3.1.1.3. Két qud tinh todn lwong tir

Dbi voi kha ning e ché an mon kim loai, cac chat e ché hoat dong
nhu mot bazo Lewis. Didu ndy c6 nghia 1a cic phan tir ¢6 tiém ning
trc ché an mon kim loai tdt 1a cac phén tir c6 kha ning cho electron
Va0 céc orbital—d trong ciia kim loai dé hinh thanh lién két va hap phu
1én bé mit kim loai. Nhu vy, theo tiéu chi ndy, gia tri Enomo dong vai
trd quan trong hon trong viéc danh gia kha ning trc ché dn mon kim
loai ctia cac dan xuét xanthone. Vi vay, kha nang urc ché an mon dang
trung hoa cta cac din xuat nghién ciru dugc sip xép theo chiéu ting
din nhusau: 4<3<8 <1<9<11<5<12<10<13<6<2<7<
14. Hinh dang orbital trong phan tir ctia cac din xuat xanthone ¢ dang
proton hoa khéng co su thay ddi dang ké so véi dang trung hoa, hinh
dang céc orbital HOMO va LOMO twong ty nhau va phan bd chu yéu
O vong xanthone.

Anh huéng cia ion H* 1én céc tinh chat hoa hoc ciia cac dan xuat
xanthone thong qua su thay dbi cac gia tri thong sd hoa luong tir. Két
qua chi ra rang c&c thong sd hoa luong tir ¢ sy thay doi, mot sé gia
trj giam va mot sd thong sb co gid tri tang 1én. Cu thé trong pha khi
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gia tri ELumo giam tir 3,68 dén 4,75 eV trong khi gia tri Enomo giam tir
2,26 dén 3,88 eV, gia tri do chénh léch ning luong cua cac dan Xuét
cling c6 xu hudéng giam di. Nguyén nhan 1a do cac dang proton hoa
mang dién tich duong, thiéu hut electron, do cac dang proton hoéa cua
cac dan xuat xanthone (mang ban chét 1a cac cation) kho cho electron
hon so voi dang trung hoa nhung lai d& nhan electron hon. Do d6, cac
dang proton hda la phan cuc manh hon so v6i cac dang trung hoa. Kha
nang trc ché an mon cua cac dang proton hoa cuia cac dan xuit dya vao
Evomo VA ELumo 1214>7>2>6>13>10>12>5>11>9>1>8
>3>4,

3.1.1.4. Két qud phwong phdp mé phéng Monte Carlo

Tt c4c cac phan tir xanthone déu hap phu 1én bé mit kim loai Fe(110)
theo tuong tic mit, c6 nghia 1a b& mat vong xanthone gan nhu song
song v6i bé mat kim loai khi tuong tac hap phu. Pay 1a 1y do cac gia
tri nang lugng hap phu cua cac dan xuat nay déu co gia tri am rat cao.
Gia tri hap phy c6 nang luong thap chuang té ning lugng tuong tac
giita cac cac hop chét xanthone so véi bé mat kim loai ¢é gi4 tri cao.
Diéu nay co nghia 1a giita cac hop chét xanthone va bé mit kim loai
d3 hinh thanh tuong tac hap phu bén viing. Nang luong hap phu c6 gia
tri 16n nhat 1a —194,482 kcal/mol cua hop chat 4 va nho nhat la —
232,146 kcal/mol cua hop chat 14. Gia tri nang lugng hap phu bé mit
Fe(110) ctia 12 hop chit con lai co gia tri tir —196,943 dén —228,225
kcal/mol. Nhu vy, gia tri nang luong twong tac, kha ning trc ché an
mon cua cac hop chat xanthone ddi vdi bé miat Fe(110) giam dan theo
chiéu nhusau: 14>7>2>6>13>10>12>5>11>9>1>8>3
> 4. Pidu nay ciing cho thiy riang, hop chit 14 c6 kha ning hap phu
rat manh 1én bé mit kim loai sit va do d6 n6 kha nang rc ché an mon
kim loai rét tbt.

3.1.2. Nhan xét

-CAu trac phan tr d duoc t6i uu héa duoc st dung dé danh gia cdu
tric ciia cac dan xuét altilisin va xanhthone. Trong d6, két qua vé hinh
dang cac orbital bien HOMO-LUMO cho phép xac dinh céac cac vi tri
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c6 kha nang tuong tac hép phu manh ddi v6i bé mit kim loai trong qua
trinh trc ché an mon kim loai.
- Cac thong s6 hoa luong tir bao gdm ning lwong HOMO va LUMO,
d6 chénh mirc nang lugng HOMO-LUMO, d¢ ctmg phan tir 7, 40 mém
phan tir S da duoc tinh toan ¢ muc 1y thuyét B3LYP/6-311G(d,p) va
sir dung dé danh gia kha nang e ché an mon cua ba dan xut altilisin
va 14 hop chit Xanthone. Va dya trén két qua thu dugc, kha nang tic
ché an mon kim loai ctia cic dan xudt theo cac thong sd hoa lugng tir
xép theo chiéu giam dan nhu sau:

+ Dan xuét altilisin: AH > Al > AJ.

+ Dan xuat xanthone: 14>7>2>6>13>10>12>5>11>9
>1>8>3>4.
- P nghién ctru va danh gia hoat tinh trc ché in mon cla cac dan xuat
altilisin va xanthone trong pha khi va trong nudc. Két qua cho théy,
cac gia tri thong sd hoa lugng tir clia cac dan xuat altilisin va xanthone
trong hai méi trudng nay gan nhu khéng c6 sy khac biét. Nhu vay, kha
nang tc ché an mon cua cac din xuat nay trong pha khi va nudc gan
nhu cung xu hudng.
- M6 phong Monter Carlo d6i véi sy twong tac giita cac dan xuat
altilisin va xanthone ddi voi bé mit Fe(110) da dugc nghién ciru. Két
qua cho thay cac din xuét altilisin va xanthone déu c6 kha ning hap
phu manh 1én bé mat Fe(110) theo huéng song song vdi cac gid tri
nang lugng tuong tac rit cao. Kha ning wre ché dn mon trong qua trinh
mb phong nay xay ra cung xu hudng voi dy doan hiéu qua e ché an
mon dua trén cac thong sb hoa luong tir
3.2. NGHIEN CUU KHA NANG UC CHE AN MON CUA MOT
SO DAN XUAT CUA THIOPHENE
3.2.1. Gigi thiéu
Hiéu qua tc ché an mon kim loai sat trong pha khi va nudc ciia dan
xuét thiophene duogc nghién ciru, bao gdm: 2—acetylthiophene (AT),
2—formylthiophene (FT), 2-methylthiophene-3-thiol (MTT), 2-—
pentylthiophene (PT) va 2—thenylthiol (TT). C4u trc phan tir va danh
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s6 thr tyr nguyén tir ciia cac chat e ché an mon nghién ciru duoc cho
trong Hinh 3.9.

3.2.2. Nghién ctru kha niing hip phu cia cac din xuit thiophene
3.2.2.1. Két qud tinh todn lwong ti

a. Dang trung hoa

Duya vao hinh dang HOMO ctia cac dan Xuét thiophene co thé nhan
thdy hinh dang orbital HOMO c¢6 kich thudc 16n tai vi tri ving C5—
S1-C2 va tai ving C3—C4 dbi voi AT, FT va PT 1a nhiing chét c6 chira
nhom hut electron. Trong khi d6 hinh dang orbital HOMO cua hai dan
xuat MTT va PT c6 kich thudc 16n & nguyén tir S7 (nguyén tir S khong
thudc vong thiophene). Pay la cac vi tri c6 kha nang cho electron vao
orbital—d tréng cta kim loai.

Dya vao hinh dang HOMO va hinh dang LUMO cua nam din xuit
thiophene, d& dang nhan ra cac vi tri tuong tac giita chat trc ché an
mon d6i véi bé mat kim loai xay ra tai vong thiophene va cac nguyén
t6 khac nhu S va O ctia nhom thé.

TT la chat dé cho electron nhat véi gia tri Enomo 12 —6,408 eV. Trong
khi d6 FT 1a chat kho cho electron nhit vé6i gia tri Enomo 14 —7,481 eV.
Chiéu giam dan gia tri Enomo ctia ndm dan xuat thiophene 1a: TT >
MTT > PT > AT > FT. Pay ciing la chiéu giam kha ning trc ché an
mon kim loai theo gia tri Enomo. Két qua trong dung méi nudc ciing
cho ta dy doan kha ning trc ché twong tu nhu trong pha khi.

Xét gia tri ELumo FT 1a chéat d& nhéan electron nhit trong s6 cac dan
xudt thiophene duoc nghién ctru v6i gia tri ELumo 12 —4,517eV trong
pha khi. Nguoc lai, MTT 1a chit ¢c6 ELumo cao nhét, do d6 kha ning
nhan electron cua MTT 1a thip nhit véi gia tri ELumo —2,876€V. Dua
Va0 E|uwmo, kha ning trc ché ciia cac chat zn mon giam theo chiéu nhu
sau: FT > AT > TT > PT > MTT. Cac két qua trong pha khi va trong
nude thu duoc déu dua ra mot nhan xét tuong duong.

Nhu vy, cac nhom thé day electron nhu —CHs, —~SH, —CH,SH lam cho
cac dan xuét thiophene dé cho electron, nhung lai khién cac phén tir
nay kho nhan electron tir cac chét khac. Nguoc lai, cac dan xuét chira
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nhom thé hat electron lai lam cho phan tir thiophene khé cho electron
va d& nhan electron hon. Dbi v6i kha ning we ché an mon kim loai,
cac chat trc ché hoat dong nhu mot bazo Lewis. Diéu nay ¢ nghia la
cac phén tir ¢6 tiém ning trc ché dn mon kim loai tot 1a cac phan tir co
kha ning cho electron vao céc orbital-d tréng ctia kim loai dé hinh
thanh lién két va hép phu 1én bé mat kim loai. Nhu vay, theo tiéu chi
nay, gia tri Enomo dong vai tro quan trong hon trong viéc danh gi kha
nang e ché an mon kim loai cta cac dan xuat thiophene. Vi vdy, kha
nang tc ché an mon ctia nim dan xuat nghién ciru duoc sap xép nhu
sau: FT<AT<PT<MTT<TT.

Theo s6 liéu v& AEL w, 1 va S trinh bay & Bang 3.9 FT 1a hop chat d&
bi phan cyc nhat véi AE_n = 2,964 eV, n = 1,482 va S = 0,675 trong
pha khi tinh va AE_ 1 = 2,925 eV, n = 1,462 va S = 0,684 trong pha
dung méi. Nguoc lai PT 1a chat kém phan cuc nhat véi véi AEL n =
4,306 V, n = 2,153, va S = 0,466 trong pha khi va AE_+ = 4,288 eV,
n = 2,144 va S = 0,466 trong pha dung méi. Kha ning trc ché dn mon
kim loai ctia nam dan xuat nghién ctru dya vao ba théng sb nay trong
pha khi duoc sdp xép theo chidu giam dan nhu sau: FT > AT > TT >
MTT > PT.

b. Dang proton hoa

Dbi véi cac dang proton hoa ctia nim dan xuét thiophene, vi tri twong
tac gifta chat trc ché d6i voi bé mit kim loai tp trung cha yéu tai vong
thiophene. Ngoai ra, d6i voi cac dan xuat chira nhom thé c6 O va S
cac dan xuét thiophene con c6 thé twong tic véi bé mit kim loai tai
cac nguyén tir nay.

Céc thong sb hoa luong tir ciia cac dan xuét thiophene & dang proton
hoa trong pha khi va trong nudc duge trinh bay trong Bang 3.11 cho
thdy anh hudng cua ion H* 1én céc tinh chat hoa hoc cua cac dan xuat
thiophene thong qua sy thay doi cac gia tri thong s6 hoa lugng tir. Mot
s6 thong s6 hoa luong tir ¢6 gi tri giam va mot sb thong sb hoa lugng
tir ¢6 gia tri ting 1én. Cu thé gia tri E umo trong pha khi giam tir 0,480
dén 2,517 eV va 0,007 dén 1,11 eV trong pha nuéc, trong khi gia tri
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Eromo giam tir 0,150 dén 0,871 eV trong pha khi va 0,146 dén 0,924
eV trong pha dung méi nude. Nguyén nhén 1a do cac dang proton hoa
mang dién tich duong, thiéu hut electron, do d6 céc dang proton hoa
ctia cac din xuét thiophene (mang ban chit 1a cac cation) kho cho
electron hon so véi dang trung hoa nhung lai dé nhan electron hon.
Gi4 tri d6 chénh léch ning luong cua cac dan xudt ciing ¢6 xu hudng
giam di. Diéu ndy ciing c6 nghia 1a d6 cing phan tir ciia cac dang
proton héa thdp hon, d mém phan tir ctia cac dang proton hoa cao hon
so voi dang trung hoa. Do d6, cadc dang proton hoa la phan cuc manh
hon so v&i cac dang trung hoa. Xu hudng danh gia kha ning trc ché an
mon ciia cac dang proton héa ciia cac din xuét dua vao Enomo VA ELumo
van A TT>MTT > PT > AT >FT.

3.2.2.1. Két qud phwong phdp mé phéng Monte Carlo

Tt c4c céc phan tir thiophene déu hip phu 18n bé mat kim loai Fe(110)
theo twong tac mat, c6 nghia 1a bé mat vong thiophene gan nhu song
song véi bé mat kim loai khi hap phu. Pay 1a 1y do cac gia tri ning
lwong hap phu cia cac dan xuat nay déu c6 gia tri am rét cao. Gia tri
hip phu c6 ning lwong thap ching t6 ning lwong tuong tac giita cac
cac dan xuat thiophene so vé&i bé mat kim loai c6 gia tri cao. Diéu nay
c6 nghia 14 giira cac dan xuét thiophene va bé mat kim loai da hinh
thanh tuong tac hip phu bén viing. Nang lwong hap phu c6 gia tri cao
nhét (d&m thap nhat) 1a -58,2 va -75,6 kcal/mol twong wng dang trung
hoa va proton cua FT va thap nhat (dm nhat) 1a -91,2 va -122,6
kcal/mol tuwong tmg dang trung hoa va proton cua PT. Gia tri nang
luong hip phu bé mit Fe(110) ciia ba din xuit con lai gin twong tu
nhau. Nhu véy, gia tri nang lugng tuong tac, kha nang trc ché an mon
clia cac dan xuét thiophene (dang trung hoa va proton) déi véi bé mat
Fe(110) giam dan theo chiéu nhu sau PT > AT sMTT = TT > FT.
Diéu nay ciing cho thay rang, nim hop chét hitu co nghién ciru c6 kha
ning héap phuy tbt 1én bé mat kim loai sit va do dé chung kha ning tic
ché an mon kim loai.

RG rang, Kkét qua tir mé phong dong Iuc hoc phan tir co su khac biét so
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v6i két qua nghién ciru dong luc hoc phan tir. Nhat 1a d6i voi truong
hop cua PT. Ning luong hip phu manh ciia PT xuat phat tir nhém
pentyl lam ting kha nang tuong tac hap phu ctia phéan tir PT 1én bé mat
kim loai. Su khac biét trong cac két qua ciia hai phwong phép tiép can
1y thuyét 1a diéu dé hiéu vi cac mo phong dong luc hoc phan tir thuc
hién céc tinh toan d6i véi bé mit kim loai Fe va md phong cac twong
tac thuc té cua cac chat e ché dbi véi bé mit kim loai.

3.2.3. Nhan xét

Céac nhom thé day electron gitp cho cac dan xuat nhu TT, PT, MTT
c¢6 xu hudng d& nhuong electron hon, dong thoi 4i luc dién tich cua
cac dan xudt nay ciing 12 bé hon so v6i cac dan xuat AT va FT chira
nhom thé day electron. Do d6, mic du d6 phan cuc phan tir va kha
nang nhén electron cua cac dan xuat nay 1a kém, nhung kha niang hép
phu 1én bé mit kim loai cua cac dan xudt ndy 1a cao hon. Do d6, kha
nang e ché an mon cua chiing ciing t6t hon.

Céac nhom thé hit electron giup cho cac dan xuit thiophene nhu AT
va FT ¢6 xu hudng d& nhan electron hon, dong thoi gitp cho phan tir
tré' nén phan cuc hon. Tuy nhién, sy ¢6 mat ciia cac nhom thé nay ciing
khién cho mat d6 dién tich 4m tai vong thiophene giam khién cho phan
tir kho cho electron. Ngoai ra, 4i luc electron tuyét dbi cua cac dan
xuit thiophene ciing ting 1én dang ké lam cho kha ning trao ddi
electron giira cac dan xut nay voi kim loai giam. Két qua 13, kha ning
{rc ché an mon cuia cac dan xuat nay thap hon cac din xuit chira nhom
thé day electron.

Kha ning tc ché dn mon kim loai ciia cac din xuét thiophene giam
dang ké khi bi proton hoa. Nguyén nhan 1a khi nhan proton, mat do
dién tich duong trong phan tur tang l1én, kha nang cho electron giam
(Evomo giam). Do d6, dang proton hoa ciia cic dan xuit thiophene
tuong tac v6i bé mat kim loai yéu hon, va kha ning wrc ché an mon
cling tr d6 ma kém hon.

Hiéu qua (rc ché an mon ciia nam dan xuét thiophene nghién ciru giam
dan theo tht ty: TT > MTT > PT > AT > FT. Chiéu huéng nay dang
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ca trong pha khi 1dn dung méi nudc dbi v6i cac dang trung hoa va
proton héa ctia nam dan xuat thiophene.

3.3. NGHIEN CUU MOI QUAN HE GITUA CAU TRUC VA KHA
NANG UC CHE AN MON THEP CUA CAC HQP CHAT
KHANG SINH

3.3.1. Giéi thiéu

Trong phan nghién ctru ndy, cac phuong phap nghién ctru 1y thuyét
(phuong phap DFT, phuong phap mo6 phong Monte Carlo (MC) va mo
phong dong luc hoc phan tir (MD) két hop vé6i cac phuong phép thuc
nghiém (phuong phap ton hao khdi lugng, duong cong phan cuc va
SEM) duoc sir dung dé danh gia hiéu qua trc ché dn mon kim loai sat
ctia cac hop chat khang sinh.

3.3.2. Nghién ciu ly thuyét vé kha ning hap phu cia CLOX va
DICLOX lén bé mat kim loai sat

3.3.2.1. Két qua tinh toan lwong tir

Hinh dang orbital HOMO cua phan tir cho biét cac vi tri c6 kha ning
cho electron cua phan tu. Trong do, cac ving khong gian bao quanh
moi nguyén tir (mau nau va mau xanh 14 cdy) twong ung véi cac hinh
dang orbital HOMO tai vi tri d6 (Hinh 3.14). Nhu vay, vi tri c6 cAu
hinh HOMO c¢6 kich thudc cang 16n, vi tri d6 cang dé cho electron va
nguoc lai. P6i v6i cac hop chét tre ché dn mon, khi hap phu 1én bé mit
kim loai, cac phan tir chit trc ché co kha ning cho electron vao cac
orbital—d tréng ctia kim loai. Dya vao hinh dang HOMO cia CLOX
va DICLOX, ¢6 thé nhan théy hinh dang orbital HOMO ¢¢ kich thudc
16n tai vi tri vung vong 4 chura di t6 N va tai vung vong 5 chira di t S.
Hinh dang orbital LUMO cho biét cac vi tri d& nhan electron cua phén
tir. Twong tu v6i hinh dang HOMO, céc vung khong gian (c6 mau nau
va xanh 14 cay) biéu din cac orbital LUMO cua phan tir. Cac vi tri ¢6
kich thudc orbital LUMO cang 16n, cang kho nhan electron. Cac vi tri
c¢6 kich thuéc LUMO cang bé cang dé nhan electron. Khac véi hinh
dang HOMO, hinh dang LUMO ctia CLOX va DICLOX dugc xac
dinh phan bd tap trung trén vong isoxazole va clophenyl.
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Dbi véi cac hop chat an mon, qua trinh hap phu chat Gc ché an mon
1én bé mat kim loai vira xdy ra qua trinh cac chat rc ché déy electron
vao orbital—d trdng cua kim loai, vira x4y ra qua trinh nhan electron tir
bé mat kim loai vao cac chit trc ché. Dua vao hinh dang HOMO va
hinh dang LUMO ta d& dang nhén ra céc vi tri tuong tac gitra chat trc
ché dn mon dbi véi bé mat kim loai xdy ra tai cac vong chura lién két
n haycéc di t6 nhu S, N va O.

Gia tri Eromo dung dé danh gia kha ning cho electron cua phan tu.
Mot phan tir ¢6 gia tri Enomo cang 16m, phan tir d6 cang dé cho electron.
CLOX la chét dé& cho electron véi gia tri Enomo twong ting trong pha
khi va pha nudc lan luot 1a —6,777 €V va —6,762 eV. Trong khi
DICLOX 1a chit khé cho electron véi gia tri Exomo tuong tng trong
pha khi va pha nudc 1an luot 1a —6,805 eV va —6,764 eV nén kha ning
tic ché ciia n mon ciia CLOX cao hon ciia DICLOX tuong tmg véi
chiéu giam cia gia tri Enomo.

Gia tri ELumo cling 1a mét dai lugng dé danh gia kha nang uc ché an
mon ciia cac chét e ché dn mon. Gia tri ELumo cang bé, phén tir cang
d& nhan electron. DICLOX 1a chét d& nhan electron véi gia tri ELomo
tuong (mg trong pha khi va pha nudc 1an luot 1a —1,535 eV va —1,507
eV. Trong khi CLOX 1a chit khé nhén electron v&i gié tri ELomo tuong
g trong pha khi va pha nudc 1an luot 1a —1,372 eV va —1,422 eV nén
kha ning e ché ciia an mon ctua DICLOX cao hon CLOX tuong ting
v6i chiéu tiang cua gia tri ELowmo.

Dbi voi cac chat e ché hoat dong nhu mot bazo Lewis, cac phan ti
c¢6 kha niang cho electron vao cac orbital-d tréng ctia kim loai dé hinh
thanh lién két va hip phu 1én bé mat kim loai. Nhu vy, gi tri Exomo
dong vai trd quan trong hon trong viéc danh gia kha ning trc ché an
mon kim loai nén kha nang trc ché cia CLOX > DICLOX.

Theo Saha, d6 chénh 1éch nang luong AE 4 cang 16n ching to phan
tir cang kém phan cuc, nguoc lai gia tri AE 4 cang bé chirng té phan
tir cang dé tu phan cuc. Tuong tu véi AEL w, gia tri do cimg phan tir
(n) 1a dai luong dic trung cho dd bén phan tir. Phan tir c6 # cang 16n
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cang bén, do d6 cang kho tham gia tuong tac hoa hoc. Trai nguoc véi
d6 cing phén tir, 3 mém phan tir (S) 12 dai luong dugc sir dung dé
danh gia sy phan cyc. Theo Pearson, phan tir chat trc ché cang phan
cuc cang dé hép phu 1én bé mat kim loai, do d6 hiéu qua uc ché an
mon cang cao. Theo két qua Bang 3.14, CLOX 1a chét kém phan cuc
trong ca pha khi va pha nudc véi gia tri AEL v = 5,405 eV, n = 2,703,
S =0,370 va 4E. 1 = 5,339 eV, 5 = 2,670, S = 0,375. Nguoc lai
DICLOX la chat dé phan cuc AEL = 5,270 eV, 7 = 2,635, S = 0,380
trong pha khi va 4E 1 = 5,256 eV, n = 2,628, S = 0,380. Dya vao d
chénh 1éch ning luong, do clng phan tir va dd mém phan tir, kha ning
{ic ché an mon cia CLOX < DICLOX.

3.3.2.2. Két qua tinh toan mod phéng MC

Trong muc nghién ciru nay, cac thong sb hoa lugng tir dic trung cho
kha ning tuong tac cua mot chat 1&n bé mat kim loai da duoc tinh toan
nhu: Evomo, ELumo, chénh 1éch nang lugng (AEL +), d6 cung phén tir
(n), @ mém phan tir (S). Ngoai ra, c4c tinh toan dong luc hoc phan tir
trong pha khi va méi truong HC1 1 M ciing duoc thuc hién. Két qua
cho phép du bao kha ning twong tac hp phu cua hai chat nghién cau
Ién bé mat kim loai. Két qua thu dwoc cho thiy kha nang ung dung
tiém nang cua hai chat cloxacillin (CLOX) va dicloxacillin (DICLOX)
lam chét &c ché an mon hiéu qua va than thién méi trudng.

3.3.3. Thuc nghiém va ly thuyét giira cAu tric va kha niing c ché
ian mon cia AMP va AMO

3.3.3.1. Két qud tinh todn lwong ti

Duya vao hinh dang HOMO va LUMO ta dé dang nhan ra cac vi tri
tuong tac gitta chét (rc ché an mon dbi voi bé mat kim loai xay ra tai
cac vong chtra lién két w hay cac di t6 nhu S, N va O. Di voi AMP va
AMO, hinh dang orbital HOMO c6 kich thuéc 16n tap trung cha yéu
¢ vong benzen va nhém amino (—-NHz). Nguoc lai, hinh dang orbital
LUMO cua AMO va AMP tap trung tai ving vong 4 c6 chtrta N, vong
5 chira S va nhém cacboxylic (-COOH).

AMO 1a chét d& cho electron véi gia tri Exomo tuong Gmg trong pha
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khi va pha nuéc lan luot 13 -6,323 va -6,338 eV. Trong khi AMP la
chat kho cho electron véi gia tri Eqomo trong pha khi va pha nudc 1an
luot 1a -6,635 va -6,794 eV. Theo gia tri Enomo kha nang e ché 1a:
AMO > AMP.

AMP 1a chit d& nhan electron véi gia tri ELumo tuong tng trong pha
khi va pha nudc lan luot 1a —1,042 eV va —1,016 eV. Trong khi AMO
1a chat kho nhan electron véi gia tri ELomo twong tmg trong pha khi va
pha nuéc 1an luot 1a —1,040 va —1,019 eV. Dua vao ELumo, kha ning
{rc ché cua cac chat an mon giam theo chiéu nhu sau: AMO > AMP.
Céc két qua trong pha khi va trong nuéc gan twong duong nhau.

i v6i kha nang uc ché an mon kim loai, cac chat @re ché hoat dong
nhu mot bazo Lewis. Diéu ny c6 nghia 1a cac phan tir ¢ tiém ning
trc ché an mon kim loai t6t 1a cac phan tir ¢6 kha niang cho electron
Va0 céc orbital d trong ciia kim loai dé hinh thanh lién két va hap phu
1én bé mat kim loai. Nhu vay, theo ti€u chi nay, gia tri Enomo dong vai
trd quan trong hon trong viéc danh gia kha ning @rc ché dn mon kim
loai cia AMO va AMP. Vi viy, kha ning trc ché an mon cua 2 hop
chat nghién ctru dugce sip xép theo chiéu nhu sau: AMO > AMP.
Duya vao do chénh léch ning lwong, do cling phén tir va d6 mém phan
tir, kha ning tc ché dn mon cua hai hop chét nghién ctru duge xép nhu
sau: AMO > AMP.

Két qua cac gia tri PA va B cho thdy vi tri uu tién proton hoa xay ra &
N18 dbi voi hop chat AMP va N19 ddi vai hop chit AMO.

Céu truc phan tir cia cac hop chét proton hoa c6 sy khac biét dang ké
s0 v6i cau tric ctia phan tir hop chét trung hoa. Sy 6 mit cia ion H*
tai cac vi tri khac nhau, nhung xu huéng tac dong 1én vong tuong dbi
giong nhau. C6 thé thdy rang sy phan bd mat do electron trén cac
orbital bién ctia hop chit hitu co nghién ciru & dang proton hoa bi dao
ngugc so voi sy phan bd mat do electron cua cac orbital bién dang
trung tinh. Dy dugc xem 13 ving hoat dong xay ra su chuyén electron
giita bé mat kim loai va phan tir cac hop chét hoic nguoc lai. Do dé,
su phan bé mat d6 electron trong cac orbital phan tir bién 1a thong tin
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rat hitu ich trong viéc xac dinh huéng hép phu gitra bé mat kim loai va
cac hop chét nghién ctu.

C6 thé thdy anh hudng ctia ion H* 1én céc tinh chat héa hoc ciia cac
hop chat nghién ctru thong qua sy thay doi cac gid tri thong sé hoa
luong tir. Mot s6 thong s6 hoa lugng tir ¢6 gia tri giam va mot s6 thong
s6 hoa lugng tir ¢6 gia tri ting 1én. Cuy thé trong ca pha khi va pha dung
moi nudce, gid tri ELumo cia AMP va AMO bi gidm lan luot 13 0,183
dén 3,663 eV trong khi gia tri Enomo bi giam tir 0,207 dén 3,081 eV.
Nguyén nhan 1a do cac dang proton héa mang dién tich duong, thiéu
hut electron, do d6 cac dang proton héa (mang ban chat 1a cac cation)
kho cho electron hon so véi dang trung hoa nhung lai dé nhan electron
hon. Gié trj d6 chénh léch ning luong cia cac din xuét ciing co xu
hudng giam di. Piéu nay ciing c6 nghia 1a do cing phan tir clia cac
dang proton hoa thip hon, d6 mém phan tir cia cac dang proton héa
cao hon so v6i dang trung hoa. Do dd, cac dang proton hoa la phan
cuc manh hon so véi cac dang trung hoa. Panh gia kha ning trc ché
dn mon cua cac dang proton hoa ciia cac chat dwa vao Enomo AMO >
AMP va ELumo van 1a theo chiéu AMO > AMP.

3.3.3.2. Két qud md phéng Monte Carlo va md phéng dgng luc hoc
phan te.

M6 phong dong luc hoc phan tir (MD) str dung mé phong Monte Carlo
duoc thyc hién dé danh gia kha niang hap phu cua cac hop chat nghién
ctru 1én bé mat Fe(110).

Tuong tac song song giita bé mit phan tir ciia cac chat nghién ciu véi
bé mit Fe dong vai trd quan trong trong cau hinh bén hap phu bén cua
ching. Nang lwong hp phu 4m hon cho thay hé nghién ciu 6n dinh
hon v&i twong tac manh gitra chat rc ché va bé mat sat. Két qua & Bang
3.19 cho thiy AMP va AMO dang proton hoa cé kha ning twong tac
v6i bé mat kim loai manh hon va hap phu manh hon so véi dang trung
tinh béi vi ning lwong hip phu ciaa AMOH* (-207,6 kcal.mol ™) am
hon cua AMO trung tinh (-186,7 kcal.mol™) va AMPH"* (-196,2
kcal.mol™) 4m hon cua AMP trung tinh (—181,2 kcal.mol™?).
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That vay, nang lugng lién két cua dang trung hoa Fe (110)/AMP/HCI,
Fe(110)/AMO/HCI tuong tng 1a 51,1 va 61,4 kcal.mol ™. Nang lugng
lién két ctia dang proton Fe(110)/AMPH*/HCI; Fe(110)/AMOH*/HCI
tuong tmg 1a 54,9 va 64,7 kcal.mol™. Bén canh do, theo két qua & Bang
3.20 ciing cho thiy gia tri Ex cia hé cac chat nghién ciru dang proton
héa 4m hon so v6i cia hé cac chat & dang trung tinh. Do do6, hé dang
proton hoa on dinh hon va hép phu manh hon, dan dén hiéu qua trc
ché dn mon cao hon h¢ nghién ciru & dang trung tinh. Nhu vay, dang
proton hoa cia cac chat nghién ctru da gop phan déng ké vao viée bao
vé bé mit Fe chéng lai qua trinh an mon.

3.3.3.3. Két qud nghién creu theec nghiém

Trong phan nay, dé so sanh kha nang trc ché an mon cia AMO va
AMP, két qua thuc nghiém AMO trinh bay trong luan 4n dugc tién
hanh & ndng d6 quy doi trong duong do tinh khiét cia AMP.

a. Anh hwong ciia nong dé chit trc ché

Anh huéng ctia ndng do cac cht trc ché AMP va AMO dén kha ning
{rc ché an mon cua thép trong HC1 1 M dugc thuc hién v6i cac ndng
d6 chét e ché (AMP, AMO) khac nhau tir 20 dén 100 mg/L thong
qua cac phuong phap do dudng cong phan cuc, phd tong tré dién hoa
va quan sat bé mit bang kinh hién vi dién tir quét (SEM) ¢ 25 °C.
Puong cong phan cuec:

Céc yéu té an mon dién hoa duoc ghi lai tir cac phép do dudng cong
phan cuc bao gom dién thé an mon (Ecorr), Mat d6 dong dién an mon
(lcorr) VA hé s6 goc cuia duong Tafel catét va andt (Sc va fa).

Khi ndng do chét tic ché tang thi mat do dong an mon giam. Diéu nay
cho thiy dién tré phan cuc trong hé ting dan va téc do in mon giam
trong dung dich HCI 1 M.

Hé s6 fa va f cua dudng cong phan cuc thay di trung binh khoang
20-30 mV/dec khi c6 mat AMP hoiac AMO trong dung dich. Theo mot
s6 tac gia, S thay ddi cho thiy anh huéng cua chit e ché dén dong
hoc ciia phan tmg thoat Hy. Gia tri S thay ddi c6 thé do ion CI~ va/
hodc phan tir chét (rc ché hip phu 1én bé mit kim loai. Ngoai ra, hé sb
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g6c cua duong Tafel catdt (5c) ludn thip hon hé s6 goc cua duong
Tafel anét (B.), chiing to phan &ng catdt xay ra d& dang hon so véi
phan tng anét.

Phé tong tré: Cac mau dién cuc thép duoc ngam trong dung dich HCI
1 M & 25 °C trong mot gio khi khong c6 mat cac chat e ché va khi 6
mit chét trc ché véi ndng d6 ndng d6 tir 20 dén 100 mg.L* va do theo
phuong phép tong trd. Pho Nyquist cho thdy mot cung tron bi nén &
viing tan sd cao va mot cung nam dudi truc thuc ¢ ving tan sé thap.
Cung dau trong phd tong tré twong ing voi qua trinh &n mon cha yéu
bi khdng ché boi qua trinh chuyén dién tich. Theo Shukla va Banerjee
cung dau c6 dang ban cung tron bi nén, thé hién tu dién cua 16p kép
trong hé an mon ciia thép trong axit khong phai la tu 1y tuong ma gidng
mdt phan tir pha khong ddi (CPE).

Theo mé hinh Helmholz, gia tri Cai giam khi ndng do chét wc ché tang.
Sy gia ting nay cO thé do sy thay thé dang ké cac phan tir nudc bang
cac phan tir hiru co hip phu 18n bé mat kim loai 1am giam hang sé dién
moi cuc b hodc 1am tang chiéu day 16p dién kép. Bén canh dé su hap
phu cua chit irc ché dién ra trén bé mat kim loai ciing lam giam Ca.
Ngoai ra, khi dung dich c6 thém AMP thi gia tri n giam. Diéu d6 cho
thiy bé mat dién cyc tré nén kém ddng nhit hon béi vi lép mang bao
vé (16p hap phu) hinh thanh trén bé mat thép. Hiéu qua tc ché dn mon
(duoc tinh tir Rp) ting tuong tng tir khoang 44,97 dén 83,91% khi
nong d6 AMP ting tir 20 dén 100 mg/L. Tuy nhién, hiéu qua ting
khong dang ké khi ndng d6 AMP tang tir 80 dén 100 mg/L. Két qua
do phd tong tro ciing twong ddng vai két qua nghién ctiiu bang phuong
phép do duong cong phan cuc.

Gié tri Cai giam khi ting nong do6 chat irc ché AMO va gié tri n ¢6 xu
huéng giam. Hiéu qua trc ché an mon (dugc tinh tir Rp) ting twong tng
tir khoang 68,29 dén 90,73% khi nong d6 AMO tang tir 20 dén 100
mg/L. Tuy nhién, hiéu qua ting khong dang ké khi nong d6 AMO ting
tir 80 dén 100 mg/L.

Tén hao khéi hrgng:
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Tbc d6 an mon thép trong dung dich HCI 1 M khdng c6 mit chét wc
ché 1a1,23x10-* mg.cm2.g~%. Khi trong dung dich c6 mat AMO ¢ cac
nong do khac nhau, téc do an mon giam manh va con 1,23x10*
mg.cm2.g~! & ndng d6 80 mg.L %, Gié tri ndy giam khong dang ké khi
tang nong d6 AMO tir 80 dén 100 mg-L 1. Hiéu qua wrc ché dat 91,84%
& nong @6 100 mg.L . Tuong tu ddi véi truong hop chat wc ché la
AMP & cac ndng do khac nhau, toc 6 dn mon giam manh tir 6,39x10-4
mg.cm2.g~! xuéng 1,65x10* mg.cm=2.g-* khi ndng do chat trc ché 20
mg.L " twong ang véi hiéu qua bao vé 74,21%. Tuy nhién, khi tiép tuc
tang nong do chat e ché thi téc d6 an mon giam khéng nhiéu va dat
7,04x10°° ¢ ndéng d6 100 mg.L! twong ung véi hiéu qua bao veé
88,98%. Nhu vay, khi c6 thém chat wc ché, toc do dn mon cua thép
giam rd rét so vai trong dung dich nén va dat hiéu qua kha cao (> 81%
d6i vai AMO va gan 89% dbi véi AMP).

b. Anh hwong ciia nhiét dj

Hiéu qua trc ché giam khi nhiét d tang tir 25 dén 55 °C. Cy thé, trong
khoang nhiét d6 tir 25 dén 35 °C hiéu qua wrc ché thay d6i khoang duéi
10% va giam khoang 30% & 55 °C. Hiéu qua trc ché giam khi nhiét do
tang ¢ thé do hién tugng nha hip phu AMP bit dau xay ra, nhung khi
ndéng d6 AMP du 16n, hién twong nay it anh hudng dén kha ning trc
ché

C. Hinh anh SEM

Thép thir nghiém trong dung dich HC1 1 M c6 chua 100 mg/L AMP
va mau chira 100 mg/L AMO cé bé mat thép bi an mon it hon rat
nhiéu. Cu thé, trén bé mit bi n mon tuong dbi ddng déu va can khong
xuét hién 13 so v6i cac mau thir nghiém trong cac dung dich HC1 1 M
khong co uc ché trén bé mat xuat hién nhiéu vi trf &n mon va bj khoét
sdu. Diéu nay cho thiy AMP va AMO c¢6 tac dung wrc ché kha hiéu
qua sy an mon cua thép trong dung dich HCI 1 M.

d. Tinh todn cdc thong sé nhiét dong hoc, hip phu va dé xudt co ché
irc ché ciia AMP doi véi qud trinh dn mon thép trong moi truong
axit HCI 1M
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Qua két qua tinh toan vé cac quy luat hap phu theo thuyét Langmuir,
Temkin, c6 thé nhan thiy sy hap phu ciia AMP 1én bé mit thép tuan
theo quy luat Langmuir chit ch& va quy luat Temkin véi hé sé twong
quan cao. Sy hip phu cia AMP ngin can qué trinh hoa tan thép va trc
ché an mon bé mit thép.

Ning luong ty do cta qua trinh hip phu dic trung cho tuong tic hap
phu giita cac phan tir chat bi hap phu (chat e ché) v6i bé mat kim loai.
Gi4 tri va dau cta AGhp cho phép danh gia chiéu hudng dién bién cua
qué trinh va dic trung cho ban chét cia qua trinh hap phu. 4Ghp am
tirc 12 qua trinh hip phu 14 ty dién bién va 16p hip phu bén viing trén
bé mat kim loai. Theo céc tai liéu, do 16n caa AGhp s& dac trung cho
ban chat ctia qua trinh hap phu (hdp phu vat Iy hay hap phu héa hoc):
néu AGhp > —20 kJ/mol thi qué trinh hap phu la vat 1y; 4Ghp < —40
kJ/mol thi hap phu 1a hoa hoc.

Céc két qua chinh trong Muc 3.3 ¢6 thé tom tit nhu sau:

Sy {rc ché an mon ciia AMO va AMP trén thép cac bon trong méi
truong axit HCl 1M da duoc nghién ctru bang phuong phap duong
cong phan cuc, phd téng trd, quan sat bé mit (SEM) va hoa tinh toan.
O diéu kién kién nhiét do moéi trudng (25 £ 0,1)°C va ndng do 100
mg/L, két qua nghién ctru thyc nghiém cho thiy hiéu qua trc ché an
mon cia AMP (84,9% phuong phap phan cuc va 90,06% phuong
phap IES) cao hon AMO (82,56% phuong phap phan cuc va 83,91%
phuong phap IES). Céc thong s6 hoa lwgng tir dic trung cho kha ning
hap phu duoc tinh toan dua trén cdu hinh t6i vu cia AMO va AMP &
mirc & mirc 1y thuyét B3LYP/6-31+G(d,p). Ngoai ra, mdé phong
Monter Carlo va moé phong dong luc hoc phéan tir dugce ing dung tim
céu hinh hap phu bén nhit cia AMO, AMP & dang trung hda va proton
hoa trén bé mit Fe(110) dé cung cip rd hon vé co ché cua qua trinh tc
ché dn mon. Két qua nghién ctru cho thiy rang AMO va AMP 1a mot
chit trc ché an mon hiéu qua ddi véi thép trong mdi trudng HCI 1M.
Trong d6, nhém OH trén bo khung ctia phan tr AMO dong vai tro
quan trong trong viéc ting hiéu qua tc ché an mon.
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KET LUAN

Trong luan 4n nay, ching t6i d4 tién hanh nghién ctru mot cach c6 hé
théng hoat tinh trc ché an mon cta cac dan xuét altilisin, xanthone, dan
xuat thiophene va mot s6 loai khang sinh. M6t sb két qua chinh rat ra
tir ludn an nhu sau:
1. Céc thong sb luong tir danh gia hoat tinh trc ché an mon cua ba dan
xudt Altilisin va 14 hop chit xanthone trong pha khi va trong nudc da
dugc tinh toan bang phuwong phap DFT. Dua trén két qua thu duoc,
kha ning trc ché an mon kim loai cua cac hop chat nghién ctru xép
theo chiéu giam dan nhu sau:

+ Dén xuét altilisin: AH > Al > AJ.
+ Dan xuét xanthone: 14 >7>2>6>13>10>12>5>11>9>1
>8>3>4.
2. Mb phong dong luc hoc phan tir d6i voi su twong tac giita cac dan
xuét altilisin va xanthone d6i voi bé miat Fe(110) cho thay cac dan
xudt altilisin va xanthone déu c6 kha ning hap phu manh 1én bé mit
Fe(110) theo hudng song song véi cac gia tri ndng luong twong tac rat
cao. Két qua ciia qua trinh mod phong nay gan nhu cing xu hudng véi
du doan hi€u qua tc ché 3n mon dua trén cac thong s6 hoa lugng tir.
3. Cac thong sb hoa lugng tir (nang lwgng HOMO va LUMO, d6 chénh
muc nang lugng HOMO-LUMO, d6 cung phan tir, do mém phan tir,
ai luc electron tuyét doi, ty 18 trao doi electron, chi sé ai luc electron,
chi s6 4i nhan, moment ludng cuc phan tir) va md phong dong luc hoc
phan tir da dugc tinh toan va sir dung dé danh gia kha ning trc ché dn
mon cua nim dan xuét thiophene nghién ctru. Két qua cho thiy cac
dan xuét chira nhom thé day electron cé kha ning tc ché cao hon so
v6i cac nhom thé hut electron vi kha ning cho electron cua cac dan
xuét chira nhom thé cho electron 1a cao hon. Do d6, cac chét (rc ché
chira nhom thé cho electron hip phu manh 18n bé mit kim loai va ting
cuong hiéu qua e ché an mon.
4. Kha nang hép phu cia hai chit khang sinh cloxacillin va
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dicloxacillin da dugc phan tich, danh gia bang phuwong phéap tinh toan
luong tir két hop véi mé phong Monter Carlo va mo phong dong luc
hoc phan tir. Két qua thu duoc cho thiy kha ning tmg dung cia hai
chat cloxacillin va dicloxacillin lam chét trc ché an mon hiéu qua va
than thién moi truong.

5. Céac thong sd hoa luong tir dic trung cho kha niang hip phu duoc
tinh toan dya trén cau hinh téi vu cia AMO va AMP ¢ mirc & muc ly
thuyét B3LYP/6-31+G(d,p). Ngoai ra, md phong Monter Carlo va mo
phong dong luc hoc phan tir dugc tng dung tim c4u hinh hap phu bén
nhit cia AMO, AMP & dang trung hoa va proton hoa trén bé mit
Fe(110) dé cung cip 16 hon vé co ché ciia qua trinh tc ché an mon.
Két qua nghién ciru cho thiy ring AMO va AMP 1a mot chit e ché
an mon hiéu qua d6i véi thép cacbon nhe trong mdi truong axit HCI
1M. Trong d6, nhém OH trén bo khung ctia phan tt AMO dong vai
trd quan trong trong viéc tang hiéu qua e ché an mon.

6. D khao sat sy anh hudong ndng do cac chat tc ché AMP va AMO
dén kha nang (rc ché an mon cua thép trong HCI 1M thong qua céc
phuong phap do duong cong phan cyc, phd tong tré dién hoa. Véi su
tang nong do chat rc ché tir 0 dén 100 mg/L thi hiéu suit e ché an
mon ciia AMP ting tir 80,0 — 84,9% dbi véi phuong phap phan cuc va
tir 83,41dén 90,06% dbi v6i phuong phap tong tro, AMO ting tir 46,4
dén 86,8% db6i v6i phuong phap phan cuc va tir 68,29 dén 90,73% dbi
vGi phuong phép tong tro.

7. O diéu kién kién nhiét d6 moéi truong (25 + 0,1) °C va ndng do 100
mg/L, két qua nghién ctru thuc nghiém cho thdy hiéu qua wc ché an
mon cia AMP (84,9% phuong phap phan cuc va 90,06% phuong
phép IES), AMO (86,8% phuong phap phan cyc va 90,73% phuong
phap IES).
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INTRODUCTION

As general principle, to achieve good inhibition, the organic
compounds need to be well adsorbed on the metal surface. Normally,
aromatic compounds containing heteroatoms such as O, N, S and P would
be received attention because these heteroatoms are electron-rich
elements and are easily adsorbed on the metal surfaces through the
process of forming covalent bonds with metal atoms. Besides, the
aromatic ring also plays a crucial factor contributing to the enhancement
of the adsorption process. It is the z electron system that would increase
the electrostatic interaction between the inhibitors and the metal surface.
Based on the above mentioned analysis, organic compounds containing
heteroatoms and x electrons are gaining much attention because of their
potential applications in the field of anticorrosion. Moreover, the usage of
compounds with low pollution impact on the environment is also a
criterion that should be considered when studying metal corrosion
inhibitors.

In Vietnam, we can find the huge natural resources of tropical plants
that may be considered as “green chemicals” for our purpose. They have
been representing antioxidant as well as corrosive inhibition capacities.
Hence the use of natural products as eco-friendly and harmless corrosion
inhibitors and antioxidants is gaining an increasing popularity.

As computations have been recognized as the third pillar of scientific
research, a study based on computational chemistry is a key-factor
providing the accurate data, and if on time, could give the orientation and
the guide for the experimental study. This approach has proven to be
useful and important in many fields because it is fast, efficient and less
expensive.

For the above reasons, we have selected title thesis. “Insights into
corrosion inhibition ability of several organic compounds using quantum
chemical calculations and experiments methods.



The tasks of the thesis

- Evaluate adsorption activity and identify substance with effective
corrosion inhibition of potential organic compounds originated from
leaves of breadfruit cartocarpus altilis and exocarp of mangosteen by
guantum chemistry and molecular dynamics simulation methods.

- Investigate the influence of the substituent on the corrosion inhibition
ability of thiophene derivatives.

- Insight into the relationship between corrosion inhibition property and
chemical structure of antibiotic compounds (cloxacillin, dicloxacillin,
ampicillin, amoxicillin) via experimental and theoretical computation
methods.

The scientific and practical significance of the thesis

The thesis has obtained several new results in the following:

- The corrosion inhibition capacity of 3 altilisin derivatives and 14
xanthone compounds were evaluated by the DFT and molecular dynamics
simulation methods in both the gas phase and the aqueous solution . The
results indicate that altilisin H (AH) and tovophyllin A (14) are potential
corrosion inhibitors.

- The obtained results show that the presence of electron-withdrawing
groups in 2-acetylthiophene (AT) and 2-formylthiophene (FT) reduces
the electron density in the thiophene ring, thus reducing the magnitude of
electron transfer from these compounds to the iron cluster. Conversely,
the presence of electron-donating groups in 2-thenylthiol (TT), 2-
pentylthiophene (PT) and 2-methylthiophene-3-thiol (MTT) increases the
electron density in the thiophene ring, leading to higher HOMO energies
and lower electrophilicities and electronegativities. The order of
corrosion inhibitory activity of thiophene derivatives is arranged as
follows: TT > MTT > PT > AT > FT.

- The analysis of some quantum chemical parameters shows that
antibiotic compounds such as amoxicillin (AMO), ampicillin (AMP),
cloxacillin (CLOX), and dicloxacillin (DICLOX) might be considered as
good corrosion inhibitors. As a result, the protonated forms of the studied
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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 that related to corrosion inhibitory
action of organic compounds on steel surface
The inhibition of corrosion of mild carbon steels in 1M HCI acid using
AMO and AMP has been studied using gravimetric analysis,
potentiodynamic polarization and scanning electron microscopy (SEM).
The results obtained from the experimetal researches show that the
inhibition efficiency of both AMO and AMP is increased with following
the concentration range of 0 ppm — 100 ppm. The surface characteristics
(SEM) also show the ability to inhibit corrosion of steel. SEM images
reveal that the surface is strongly damaged in the absence of inhibitor
(active corrosion). But in the presence of inhibitors, the micrograph
reveals that there is decrease in the corrosion sites and pits over the
surface of the mild steel
CHAPTER 1. OVERVIEW
1.1. Overview of metal corrosion
1.2. Methods to prevent metal corrosion
1.3. Research situation on the metal corrosion inhibition ability
1.4. Theoretical basis of research methods
CHAPTER 2. RESEARCH CONTENTS AND METHODS
2.1. Research contents and subjects
2.1.1. Research contents
2.1.2. Research subjects
2.2. Theoretical calculation methods
2.3. Experimental methods

CHAPTER 3. RESULTS AND DISCUSSION
3.1. Research on the adsorption capacity of compounds sourced from
mangosteen exocarp and breadfruit cartocarpus altilis leaves on the iron
(Fe) surface
3.1.1. Introduction



In this study, quantum chemical methods and molecular dynamics
simulations are used to further elucidate the adsorption capacity and
determine the potential effective corrosion inhibitor of organic
compounds sourced from natural origin. Studying the adsorption capacity
of Altilisin derivatives derived from breadfruit leaves.

3.1.1.1. Quantum calculation results

a. Neutral form

For the ability to inhibit metal corrosion, the inhibitors act as a Lewis
base. This means that molecules with good metal corrosion inhibitory
potential are molecules that can give electrons to the empty d-orbital of
the metal to form bonds and adsorb onto the metal surfaces. Thus,
according to this criterion, the Enomo value plays a more important role
in assessing the ability of altilisin derivatives to inhibit metal corrosion.
Therefore, the corrosion inhibition ability of the three studied derivatives
is arranged in the following order: AJ < Al < AH.

For metal corrosion inhibitor molecules, the more polar the inhibitor
molecule, the easier it is to adsorb onto the metal surface, so the higher
the corrosion inhibition efficiency. Therefore, a substance with good
corrosion inhibitory ability is a substance with low AE__+ and # values
and high S value. Based on the AE,_w, # and S data in Table 3.1, AH is
the most susceptible to polarization with AE__4 = 3,197 eV, 1=1,598 and
S =0,626 in the gas phase calculated by the B3LYP/6-311G(d,p) method.
In contrast, AJ is the least polar with AE__+ = 3,588 eV, =1,794,and S
= 0,557 in the gas phase calculated by the B3LYP/6-311G(d,p) method.
As a result, based on the energy difference, molecular hardness and
molecular softness, the corrosion inhibition ability of three altilisin
derivatives is arranged in the following order: AH > Al > AJ.

b. Protonated form

Effect of H* ion on the chemical properties of altilisin derivatives
through the changes of quantization parameter values. Some quantization
parameters have decreasing values and some quantization parameters
have increasing values. For example, the ELumo value decreases from
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4.175 to 4.439 eV while the Enomo value decreases from 2.234 to 2.481
eV. The reason is that the protonated forms carry a positive charge, lack
electrons, so the protonated forms of Altilisin derivatives (which are
cations) are more difficult to donate electrons than the neutral form but
easily gain electrons. The energy difference values of the derivatives also
tend to decrease. This also means that the molecular hardness of the
protonated forms is lower, the molecular softness of the protonated forms
is higher than that of the neutral form. Therefore, the protonated forms
are more polar than the neutral forms. The trend of evaluating the
corrosion inhibition ability of protonated forms of derivatives based on
Enomo and ELumo is still AH > Al > AJ.
3.1.1.2. Monte Carlo simulation results

Monte Carlo simulations and molecular dynamics were performed
to evaluate the adsorption capacity of three Altilisin derivatives on the
Fe(110) surface. All altilisin molecules are adsorbed on the metal surface
of Fe(110) by surface interaction, that is, the surface of altilisin molecules
is almost parallel to the metal surface when adsorbed. This is the reason
the adsorption energy values of these derivatives are all very high
negative. The low energy adsorption value shows that the interaction
energy between the altilisin derivatives compared to the metal surface has
a high value. This means that between the altilisin derivatives and the
metal surface, a stable adsorption interaction has formed. Energy values
could be determined in Table 3.4. The highest value (lowest negative)
adsorption energy is —222.4 kcal/mol of AJ and the lowest (most
negative) is —229.6 kcal/mol of AH. Consequently, the value of the
interaction energy, the corrosion inhibition ability of the altilisin
derivatives for the Fe(110) surface decreases as follows AH > Al > AJ.
This also shows that three organic compounds studied have good
adsorption capacity on iron metal surfaces and thus, they can inhibit metal
corrosion. Study on the adsorption capacity of xanthone derivatives
derived from garcinia mangostana is performed.
3.1.1.3. Quantum calculation results
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For the ability to inhibit metal corrosion, the inhibitors act as a Lewis
base. This means that molecules with good metal corrosion inhibitory
potential are those that can donate electrons to the empty metal-d orbitals
to form a bond and adsorb onto metal surfaces. As a result, according to
this criterion, the Enomo value plays a more important role in assessing
the ability of xanthone derivatives to inhibit metal corrosion. Therefore,
the ability to inhibit corrosion in neutral form of the studied derivatives is
arranged in ascending order as follows: 4 <3<8<1<9<11<5<12<
10 < 13 < 6 < 2 < 7 < 14. The molecular orbital shape of xanthone
derivatives in the protonated form does not change significantly
compared with the neutral form, the shapes of the HOMO and LOMO
orbitals are similar and distributed mainly in the xanthone ring.

Effect of H* ions on the chemical properties of xanthone derivatives
through changing quantization parameter values. The results show that
the quantized parameters have a change, some values decrease and some
parameters increase. Specifically, in the gas phase, the ELumo value
decreases from 3.68 to 4.75 eV while the Enomo Vvalue decreases from
2.26 to0 3.88 eV, the energy difference values of the derivatives also tend
to decrease. The reason is that protonated forms carry a positive charge,
lack electrons because the protonated forms of xanthone derivatives
(which are cations) are more difficult to donate electrons than the neutral
form but easier to gain electrons. Therefore, the protonated forms are
more polar than the neutral forms. The corrosion inhibition ability of
protonated forms of derivatives based on Exomo and ELumo is 14 > 7 > 2
>6>13>10>12>5>11>9>1>8>3>4,
3.1.1.4. Monte Carlo simulation results

All xanthone molecules are adsorbed onto the metal surface Fe(110)
by surface interaction, that is, the surface of the xanthone ring is almost
parallel to the metal surface during the adsorption interaction. This is the
reason the adsorption energy values of these derivatives are all very high
negative. The low energy adsorption value shows that the interaction
energy between xanthone compounds compared to the metal surface has
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a high value. This means that between the xanthone compounds and the
metal surface, a stable adsorption interaction has formed. The maximum
adsorption energy value is -194.482 kcal/mol of compound 4 and the
smallest value is -232.146 kcal/mol of compound 14. The surface energy
value of Fe(110) adsorption of the remaining 12 compounds values from
-196.943 to -228.225 kcal/mol. As a result, the value of interaction
energy, the ability to inhibit the corrosion of xanthone compounds
towards Fe(110) surface gradually decreases in the following: 14 >7 > 2
>6>13>10>12>5>11>9>1>8>3>4. This also shows that
compound 14 has a very strong adsorption capacity on the iron metal
surface and thus, it has a very strong ability to inhibit metal corrosion.
3.1.2. Comments

- The optimized molecular structure was used to evaluate the structure of
altilisin and xanthone derivatives. In which, the results of the shape of the
HOMO — LOMO boundary orbitals allow to determine sites with strong
adsorption interactions for metal surfaces during metal corrosion
inhibition.

- The quantum parameters including HOMO and LUMO energies,
HOMO - LUMO energy difference, molecular hardness 7z, molecular
softness S have been calculated at the theoretical level B3LYP/6-
311G(d,p) and used to evaluate the corrosion inhibition of three altilisin
derivatives and 14 xanthone compounds. And based on the obtained
results, the ability to inhibit metal corrosion of the derivatives according
to the quantum parameters arranged in descending order is as follows:

+ Altilisin derivatives: AH > Al > AJ.

+ Xanthone derivatives: 14 >7>2>6>13>10>12>5>11>9>1>
8>3>4.

- Researched and evaluated the corrosion inhibitory activity of altilisin
and xanthone derivatives in the gas phase and water. The results show
that the quantization parameter values of altilisin and xanthone
derivatives in these two environments have almost no difference. Thus,



the corrosion inhibition of these derivatives in the gas and water phases
has almost the same trend.
- Monte Carlo simulation for the interaction between altilisin and
xanthone derivatives for the Fe(110) surface was studied. The results
show that altilisin and xanthone derivatives both have strong adsorption
capacity on Fe(110) surface in a parallel direction with very high
interaction energy values. Corrosion inhibition in this simulation occurs
in the same direction as the prediction of corrosion inhibition efficiency
based on quantum parameters.
3.2. RESEARCH FOR THE CORROSION INHIBITION OF SOME
THIOPHENE DERIVATIVES
3.2.1. Introduction

The iron metal corrosion inhibitory effect of thiophene derivatives in
the gas and water phases was studied, including 2—acetylthiophene (AT),
2—formylthiophene (FT), 2-methylthiophene-3-thiol (MTT), 2-
pentylthiophene (PT) and 2-thenylthiol (TT). The molecular structure
and atomic numbering of the studied corrosion inhibitors are shown in
Figure 3.9.
3.2.2. Research on the adsorption capacity of thiophene derivatives
3.2.2.1. Quantum calculation results
a. Neutral form
Based on the HOMO shape of thiophene derivatives, it could be seen that
the HOMO orbital shape has a large size at the position of the C5-S1-C2
region and the C3-C4 region for AT, FT and PT which contain groups
that attract electrons. Meanwhile, the HOMO orbital shape of the two
derivatives MTT and PT has a large size in the Sy atom (the S atom does
not belong to the thiophene ring). These are the possible sites for electron-
donating into the empty metal-d orbital.
Based on the HOMO and LUMO shapes of the five thiophene derivatives,
it is easy to recognize the interaction sites between the corrosion
inhibitory for the metal surface occurring at the thiophene ring and other
elements such as S and O of the substituent group.
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TT is the most electron donor with an Enomo value of -6.408 eV.
Meanwhile, FT is the hardest electron donor with an Exomo Vvalue of -
7.481 eV. The decreasing direction of Enomo value of five thiophene
derivatives is: TT > MTT > PT > AT > FT. This is also the direction of
decreasing metal corrosion inhibition according to the Exomo value. The
results in an aqueous solution also predict the same inhibitory capacity as
in the gas phase.

Considering the ELumo value FT is the most electron acceptor among the
studied thiophene derivatives with an E ymo value of -4.517 eV in the gas
phase. In contrast, MTT is the substance with the highest E umo, S0 the
electron acceptability of MTT is the lowest with an E umo value of -2.876
eV. Based on Erumo, the inhibitory ability of corrosive substances
decreases in the following: FT > AT > TT > PT > MTT. The results in
the gas phase and the water obtained give an equivalent comment.
Therefore, electron-repulsive substituents such as —CHs, —SH, —-CH,SH
make thiophene derivatives easy to donate electrons but make it difficult
for these molecules to gain electrons from other substances. In contrast,
derivatives containing an electron-attracting substituent make the
thiophene molecule more difficult to donate electrons and easier to gain
electrons. For the ability to inhibit metal corrosion, the inhibitors act as a
Lewis base. This means that molecules with good metal corrosion
inhibitory potential are those that can donate electrons to the empty metal-
d orbitals to form bonds and adsorb onto metal surfaces. As a result,
according to this criterion, the Enomo Value plays a more important role
in assessing the ability of thiophene derivatives to inhibit metal corrosion.
Therefore, the corrosion inhibition ability of the five studied derivatives
is arranged as follows: FT < AT <PT<MTT<TT.

According to the AE__n, n and S data presented in Table 3.9, FT is the
most susceptible to polarization with AE__1 =2.964 eV, nn=1.482and S
= 0.675 in the gas phase and AE, 1 =2.925 eV, n =1.462 and S = 0.684
in the solvent phase. In contrast, PT is the least polar with AE_ = 4.306
V, n =2.153, and S = 0.466 in the gas phase and AE|_n = 4.288 eV, n =
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2.144 and S = 0.466 in the solvent phase. The metal corrosion inhibition
ability of the five studied derivatives based on these three parameters in
the gas phase is arranged in descending order as follows: FT > AT >TT
>MTT > PT.

b. Protonated form

For the protonated forms of the five thiophene derivatives, the inhibitory
interaction site for the metal surface is concentrated mainly at the
thiophene ring. In addition, for derivatives containing O and S
substituents, thiophene derivatives could also interact with metal surfaces
at these atoms.

The quantization parameters of thiophene derivatives in the protonated
form in the gas phase and water are presented in Table 3.11 showing the
influence of H* ions on the chemical properties of thiophene derivatives
through the change of quantized parameter values. Some quantization
parameters have decreasing values and some quantization parameters
have increasing values. Specifically, the ELumo Vvalue in the gas phase
decreased from 0.480 to 2.517 eV and 0.007 to 1.11 eV in the aqueous
phase, while the Enomo value decreased from 0.150 to 0.871 eV in the gas
phase and 0.146 to 0.924 eV in the aqueous phase. The reason is that the
protonated forms carry a positive charge, lack electrons, so the protonated
forms of thiophene derivatives (which are cations) are more difficult to
donate electrons than the neutral form but easily gain electrons. The
energy difference values of the derivatives also tend to decrease. This also
means that the molecular hardness of the protonated forms is lower, the
molecular softness of the protonated forms is higher than that of the
neutral form. Therefore, the protonated forms are more polar than the
neutral forms. The trend to evaluate the corrosion inhibition ability of
protonated forms of derivatives based on Enomo and Erumo is still TT >
MTT >PT > AT > FT.

3.2.2.2. Monte Carlo simulation results

All thiophene molecules are adsorbed on Fe(110) metal surface by surface
interaction, that is, thiophene ring surface is almost parallel to metal
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surface when adsorbed. This is the reason the adsorption energy values of
these derivatives are all very high negative. The low energy adsorption
value shows that the interaction energy between thiophene derivatives
compared to the metal surface has a high value. This means that between
the thiophene derivatives and the metal surface, a stable adsorption
interaction has formed. The highest (lowest negative) adsorption energies
are -58.2 and -75.6 kcal/mol, respectively, the neutral and protonated
forms of FT and the lowest (most negative) are -91.2 and -122.6 kcal/mol,
the neutral and protonated form of PT. The adsorption energy values of
the Fe(110) surface of the remaining three derivatives is almost similar.
Thus, the value of the interaction energy, the ability to inhibit the
corrosion of thiophene derivatives (neutral and proton form) for the
Fe(110) surface gradually decreases in the following PT > AT~ MTT =
TT > FT. This also shows that the five organic compounds studied have
good adsorption capacity on the iron metal surface and thus, they can
inhibit metal corrosion.

The results from the molecular dynamics simulation are different from
the results of the molecular dynamics study. Especially in the case of PT.
The strong adsorption energy of PT comes from the pentyl group, which
increases the adsorption interaction of PT molecules on the metal surface.
The difference in the results of the two theoretical approaches is
understandable because the molecular dynamics simulations perform the
calculations for the iron metal surface and simulate the actual interactions
of the inhibitor for the iron metal surfaces.

3.2.3. Comments

The electron repulsive substituents help the derivatives such as TT, PT
and MTT tend to donate electrons more easily and the charge affinity of
these derivatives is also smaller than that of AT and FT derivatives
containing the electron repulsive substituents. Therefore, although the
molecular polarity and electron gain ability of these derivatives are not
good, the adsorption capacity on the metal surfaces of these derivatives is
higher. As a result, their ability to inhibit corrosion is also better.
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The electron-attracting substituents make thiophene derivatives such as
AT and FT more easily to gain electrons and also make the molecule more
polar. However, the presence of these substituents also causes the density
of negative charge at the thiophene ring to decrease, making it difficult
for the molecule to donate electrons. In addition, the absolute electron
affinity of thiophene derivatives is also significantly increased, making
the ability to exchange electrons between these derivatives and metals
decrease. As a result, the corrosion inhibition of these derivatives is lower
than that of those containing the electron-repulsive substituent.

The ability of thiophene derivatives to inhibit metal corrosion is
significantly reduced when be protonated. The reason is that when
gaining protons, the density of positive charges in the molecule increases,
the ability to donate electrons decreases (Enomo decreases). Therefore, the
protonated form of thiophene derivatives that interacts with the metal
surface is weaker and the corrosion inhibition is also less effective.

The corrosion inhibitory efficiency of the five studied thiophene
derivatives decreased in order TT > MTT > PT > AT > FT. This trend
holds true both in the gas phase and in aqueous solvents for the neutral
and protonated forms of the five thiophene derivatives.

3.3. RESEARCH ON THE RELATIONSHIP BETWEEN
STRUCTURE AND STEEL CORROSION INHIBITORY
CAPACITY OF ANTIBIOTIC COMPOUNDS

3.3.1. Introduction

In this study, theoretical research methods (DFT method, Monte Carlo
simulation method (MC) and molecular dynamics simulation (MD) are
combined with experimental methods (mass loss method, polarization
curves and SEM) were used to evaluate the inhibitory effect on iron metal
corrosion of antibiotic compounds.

3.3.2. Theoretical research on adsorption capacity of CLOX and
DICLOX on the iron metal surface

3.3.2.1. Quantum calculation results
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The HOMO orbital shape of the molecule indicates the potential electron
donor sites of the molecule. In which, the regions of space surrounding
each atom (brown and green) correspond to the HOMO orbital shapes at
that position (Figure 3.14). Thus, the larger the position of the HOMO
configuration, the easier it is to donate electrons and vice versa. For the
corrosion inhibitor compounds, when adsorbed on the metal surface, the
inhibitor molecules can donate electrons to the empty metal-d orbitals.
Based on the HOMO shapes of CLOX and DICLOX, it could be seen that
the HOMO orbital shape has a large size at the position of the ring 4
regions containing heteroatomic N and at the ring 5 regions containing
heteroatomic S. The LUMO orbital shape illustrates the electron-gaining
sites of the molecule. Similar to the HOMO shape, the space regions
(brown and green) represent the LUMO orbitals of the molecule. The
larger the LUMO orbital size sites, the harder it is to gain electrons. The
smaller the LUMO size sites, the easier it is to gain electrons. Different
from the HOMO shape, the LUMO shape of CLOX and DICLOX was
determined to be concentrated on the isoxazole and chlorophenyl rings.
For corrosive compounds, the adsorption process of corrosion inhibitors
on the metal surface both occurs when the inhibitors repulse electrons into
the empty metal-d orbital and the gaining process from the metal surfaces
into the inhibitors. Based on the HOMO and LUMO shapes, it is easy to
recognize the interaction sites between the corrosion inhibitor and the
metal surface occurring at rings containing = bonds or heteroatoms such
as S, N and O.

The Enomo Value is used to assess the ability of a molecule to donate
electrons. The higher the Enomo value of a molecule, the easier it is to
donate electrons. CLOX is an electron donor with corresponding Eromo
values in the gas phase and water phase of -6.777 eV and -6.762 eV,
respectively. While DICLOX is a difficult electron donor with
corresponding Exomo Vvalues in the gas phase and water phase of -6.805
eV and -6.764 eV, respectively, the corrosion inhibitory ability of CLOX
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is higher than that of DICLOX corresponding to the decreasing direction
of Exomo value.

The ELumo Vvalue is also a measure of assessing the corrosion inhibition
ability of the corrosion inhibitors. The smaller the E umo value, the easier
it is for the molecule to gain electrons. DICLOX is an electron acceptor
with corresponding ELumo Vvalues in the gas phase and water phase of -
1.535 eV and -1.507 eV, respectively. While CLOX is a difficult
substance to gain electrons with the corresponding E umo values in the
gas phase and water phase being -1.372 eV and -1.422 eV, respectively,
the corrosion inhibitory capacity of DICLOX is higher than that of CLOX
corresponding to the increasing direction of the E,umo value.

For inhibitors that act as a Lewis base, the molecules can donate electrons
to the empty metal-d orbitals to form bonds and adsorb onto the metal
surface. Thus, the Exomo value plays a more important role in assessing
the ability to inhibit metal corrosion, so the inhibitory ability of CLOX >
DICLOX.

According to Saha, the larger the 4E\_ energy difference, the less polar
the molecule, while the smaller the 4E,_ value, the easier it is to self-
polarize the molecule. Similar to 4E__w, the molecular hardness value ()
is a measure of the molecular strength. The larger the molecule, the more
stable it is, so it is more difficult to participate in chemical interactions.
In contrast to molecular hardness, molecular softness (S) is a quantity
used to evaluate polarity. According to Pearson, the more polar the
inhibitor molecule, the easier it is to adsorb onto the metal surface, so the
higher the corrosion inhibition efficiency. According to the results of
Table 3.14, CLOX is a less polar substance in both the gas and water
phases with the value AE_ = 5.405 eV, n = 2.703, S = 0.370 and 4E_H
= 5.339 eV, # = 2.670, S = 0.375. In contrast, DICLOX is a polar
substance AE_n = 5.270 eV, # = 2.635, S = 0.380 in the gas phase and
AE 1 = 5.256 eV, n = 2.628, S = 0.380 in water phase. Based on the
energy difference, molecular hardness and molecular softness, the
corrosion inhibition ability of CLOX < DICLOX.
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3.3.2.2. MC simulation results

In this study, the quantization parameters specific to the interaction ability
of a substance on the metal surface were calculated such as Exomo, ELumo,
energy difference (AEL-n), molecular hardness (y), molecular softness
(S). In addition, molecular dynamics calculations in the gas phase and 1
M HCI medium were also performed. The results allow predicting the
adsorption interaction ability of the two studied substances on the metal
surface. The obtained results show the potential application of two
substances cloxacillin (CLOX) and dicloxacillin (DICLOX) as effective
and environmentally friendly corrosion inhibitors.

3.3.3. Experimental and theoretical relationship between structure
and corrosion inhibition ability of AMP and AMO

3.3.3.1. Quantum calculation results

Based on the HOMO and LUMO shapes, it is easy to recognize the
interaction sites between the corrosion inhibitor and the metal surface
occurring at rings containing t bonds or heteroatoms such as S, N and O.
For AMP and AMO, the large size HOMO orbital shape is concentrated
mainly in the benzene ring and amino group (-NHz). In contrast, the
LUMO orbital shapes of AMO and AMP are concentrated in the region
of ring 4 containing N, ring 5 containing S and carboxylic group (-
COOH).

AMO is an electron donor with Enomo Values in the gas phase and water
of-6.323 and -6.338 eV, respectively. While AMP is a non-electron donor
with Enowmo Vvalues in the gas and aqueous phases of -6.635 and -6.794
eV, respectively. According to the Enomo Vvalue, the inhibitory ability is
AMO > AMP.

AMP is an electron acceptor with corresponding ELumo values in the gas
and aqueous phases of -1.042 eV and -1.016 eV, respectively. While
AMO is a non-electron acceptor with E umo values in the gas phase and
water phase in order -1.040 and -1.019 eV. Based on ELumo, the inhibitory
ability of corrosive substances decreases in the following AMO > AMP.
The results in the gas phase and the water are roughly equivalent.
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For the ability to inhibit metal corrosion, the inhibitors act as a Lewis
base. This means that molecules with good metal corrosion inhibitory
potential are molecules that can donate electrons to the empty d-orbitals
of metals to form bonds and adsorb onto metal surfaces. Thus, according
to this criterion, the Enomo Value plays a more important role in assessing
the ability of AMO and AMP to inhibit metal corrosion. Therefore, the
corrosion inhibition ability of the two studied compounds is arranged in
the following AMO > AMP.

Based on the energy difference, molecular hardness and molecular
softness, the corrosion inhibition ability of the two studied compounds is
arranged as follows AMO > AMP.

The results of PA and B values show that the protonation preferential site
occurs at N18 for AMP compounds and N19 for AMO compounds.

The molecular structure of protonated compounds is significantly
different from that of the neutral compound molecule. The presence of H*
ions at different positions, but the tendency to act on the ring is relatively
similar. It could be seen that the electron density distribution on the
boundary orbitals of the studied organic compound in the protonated form
is reversed compared with the electron density distribution of the neutral
boundary orbitals. This is considered the active region where electron
transfer occurs between the metal surface and the molecule of the
compound or vice versa. Therefore, the distribution of electron density in
the boundary molecular orbitals is very useful information in determining
the adsorption direction between the metal surface and the studied
compounds.

The influence of H* ions on the chemical properties of the studied
compounds could be seen through the change of quantization parameter
values. Some quantization parameters have decreasing values and some
quantization parameters have increasing values. Specifically, in both the
gas phase and the aqueous phase, the E umo values of AMP and AMO
were reduced by 0.183 to 3.663 eV, respectively while the Enxomo value
was reduced from 0.207 to 3.081 eV. The reason is that protonated forms
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carry a positive charge, lack electrons, so protonated forms (which are
cations in nature) are harder to give electrons than the neutral form but
easier to gain electrons. The energy difference values of the derivatives
also tend to decrease. This also means that the molecular hardness of the
protonated forms is lower, the molecular softness of the protonated forms
is higher than that of the neutral form. Therefore, the protonated forms
are more polar than the neutral forms. Evaluation of the corrosion
inhibition ability of protonated forms of substances based on Enomo
AMO > AMP and ELuwo is still in the direction of AMO > AMP.
3.3.3.2. Monte Carlo simulation results and molecular dynamics
simulations

Molecular dynamics (MD) simulations using Monte Carlo simulation
were performed to evaluate the adsorption capacity of the studied
compounds on the Fe(110) surface. Parallel interaction between the
molecular surface of the studied substances and the iron surface plays an
important role in their stable adsorption configuration. The more negative
adsorption energy shows that the studied system is more stable with
strong interaction between the inhibitor and the iron surface. The results
in Table 3.19 show that the protonated AMP and AMO form have
stronger interaction with the metal surface and stronger adsorption than
neutral form because the adsorption energy of AMOH™* (-207.6 kcal.mol-
1) is more negative than neutral AMO (-186.7 kcal.molt) and AMPH* (-
196.2 kcal.mol?) is more negative than neutral AMP (-181.2 kcal.mol?).
The binding energies of the neutral form Fe(110)/AMP/HCI,
Fe(110)/AMO/HCI are 51.1 and 61.4 kcal.mol, respectively. The
binding energy of the protonated form Fe(110)/AMPH*/HCI;
Fe(110)/AMOH*/HCI are 54.9 va 64.7 kcal.mol, respectively. Besides,
the results in Table 3.20, also show that the Ey value of the system of
research substances in protonated form is more negative than that of the
system of substances in the neutral form. Therefore, the protonated form
system is more stable and adsorbs stronger, leading to a higher corrosion
inhibitory effect than the studied system in the neutral form. Thus, the
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protonated form of the studied substances has significantly contributed to
the protection of the iron surface against the corrosion process.

3.3.3.3. Experimental research results

In this section, to compare the corrosion inhibition ability of AMO and
AMP, the experimental results of AMO presented in the thesis were
conducted at a concentration equivalent to the purity of AMP.

a. The effect of inhibitor concentration

The effect of concentrations of AMP and AMO inhibitors on the
corrosion inhibition ability of steel in 1 M HCI was performed with
different inhibitor concentrations (AMP, AMO) from 20 to 100 mg/L
through methods of measuring polarization curve, electrochemical
impedance spectroscopy and observing the surface by scanning electron
microscope (SEM) at 25 °C.

Polarization curve

Electrochemical corrosion factors recorded from polarization curve
measurements include corrosion potential (Ecorr), coOrrosion current
density (lcorr) and slopes of cathode and anode Tafel curves (¢ va fa).
As the inhibitor concentration increased, the corrosion current density
decreased. This shows that the polarization resistance in the system
increases gradually and the corrosion rate decreases in 1 M HCI solution.
The coefficients £a and S of the polarization curve varied on average by
about 20-30 mV/dec in the presence of AMP or AMO in solution.
According to some authors, the 4 change indicates an inhibitory effect
on the kinetics of the H; liberated reaction. The change in S, value could
be caused by CI-ions and/or inhibitor molecules adsorbing onto the metal
surface. In addition, the slope of the cathode Tafel curve (&) is always
lower than the slope of the anodic Tafel curve (f.), indicating that the
cathode reaction occurs more easily than the anodic reaction.
Impedance spectrum

Steel electrode samples were immersed in 1 M HCI solution at 25 °C for
one hour in the absence of inhibitors and the presence of inhibitors with
concentrations ranging from 20 to 100 mg.L' and measured by

18



impedance method. The Nyquist spectrum shows a compressed arc in the
high-frequency region and an arc below the true axis in the low-frequency
region. The first arc in the impedance spectrum corresponding to the
corrosion process is mainly controlled by the charge transfer process.
According to Shukla and Banerjee, the first arc has the form of a
compressed semi-circle, showing that the double-layer capacitor in the
corrosion system of steel in acid is not ideal but resembles a constant
phase element (CPE).

According to the Helmholz model, the Cq value decreases as the inhibitor
concentration increases. This increase might be due to the significant
replacement of water molecules by organic molecules adsorbed on the
metal surface, reducing the local dielectric constant or increasing the
electrical double layer thickness. Besides, the adsorption of the inhibitor
taking place on the metal surface also reduces Cq.

In addition, when the solution has more AMP, the value of n decreases.
This indicates that the electrode surface becomes less homogeneous
because a protective film (adsorbent layer) forms on the steel surface. The
corrosion inhibition efficiency (calculated from Rp) increased from about
44.97 to 83.91%, respectively when the AMP concentration increased
from 20 to 100 mg/L. However, the effect was not significantly increased
as the AMP concentration increased from 80 to 100 mg/L. The results of
impedance spectroscopy are also similar to those studied by the
polarization curve measurement method.

The Cai value decreased with increasing AMO inhibitor concentration
and the n value tended to decrease. The corrosion inhibition efficiency
(calculated from Rp) increased from about 68.29 to 90.73%, respectively
when the AMO concentration increased from 20 to 100 mg/L. However,
the effect was not significantly increased as the AMO concentration
increased from 80 to 100 mg/L.

Weight loss measurements

Steel corrosion rate in 1 M HCI solution without inhibitor is 1.23x103
mg.cm=2.g~t. When AMO was present in the solution at different
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concentrations, the corrosion rate decreased sharply to 1.23x10~*
mg.cm=2.g! at the concentration of 80 mg.L 1. This value decreased
slightly with increasing AMO concentration from 80 to 100 mg.L*. The
inhibitory effect was 91.84% at the concentration of 100 mg.L*. Similar
to the case of AMP inhibitors at different concentrations, the corrosion
rate decreased sharply from 6.39x10% mg.cm=2.g™? to 1.65x10~*
mg.cm~2.g~* when the inhibitor concentration is 20 mg.L™* corresponds to
a protective effect of 74.21%. However, when continuing to increase the
inhibitor concentration, the corrosion rate decreased not much and
reached 7.04x107° at the concentration of 100 mg.L* corresponding to
the protection efficiency of 88.98%. Thus, when an inhibitor is added, the
corrosion rate of steel is significantly reduced compared to that in the
background solution and the efficiency is quite high (> 81% for AMO and
nearly 89% for AMP).

b. Effect of temperature

The inhibitory effect decreased when the temperature increased from 25
to 55 °C. Specifically, in the temperature range from 25 to 35 °C, the
inhibitory efficiency changed by less than 10% and decreased by about
30% at 55 °C. The decrease in inhibitory efficacy with increasing
temperature might be due to the initiation of AMP desorption, but when
the concentration of AMP is large enough, this phenomenon has little
effect on the inhibitory ability.

c. SEM image

Steels tested in 1 M HCI solution containing 100 mg/L AMP and samples
containing 100 mg/L AMO had much less surface corrosion. Specifically,
the surface is corroded relatively evenly and shallow, there were no holes
compared to the samples tested in 1 M HCI solutions without inhibition
on the surface. This shows that AMP and AMO effectively inhibit the
corrosion of steel in a 1 M HCI solution.

d. Calculation of thermodynamic parameters, adsorption and
proposed inhibition mechanism of AMP for steel corrosion in 1 M
HCI acid environment
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Through the calculation results of the adsorption rules according to
Langmuir and Temkin's theory, it could be seen that the adsorption of
AMP on the steel surface obeys Langmuir’s strict rule and Temkin’s rule
with a high correlation coefficient. The adsorption of AMP prevents the
dissolution of the steel and inhibits the corrosion of the steel surface.
The free energy of the adsorption process characterizes the adsorption
interaction between the molecules of the adsorbent (inhibitor) and the
metal surface. The value and sign of AGhp allow us to assess the direction
of the process and characterize the nature of the adsorption process. AGhp
negative means that the adsorption process is spontaneous and the
adsorption layer is stable on the metal surface. According to the literature,
the magnitude of A4Ghp would characterize the nature of the adsorption
process (physical adsorption or chemical adsorption): if AGhp > —20
kJ/mol, the adsorption process is physical; 4Ghp < —40 kJ/mol then
adsorption is chemical.

The main results in Section 3.3 could be summarized as follows

The corrosion inhibition of AMO and AMP on carbon steel ina 1 M HCI
acid environment was studied by methods of polarization curve,
impedance spectroscopy, surface observation (SEM) and calculational
chemistry. At the conditions of ambient temperature (25 + 0.1) °C and
concentration of 100 mg/L, the experimental results showed that the
corrosion inhibition efficiency of AMP (84.9% of the polarization method
and 90.06% IES method). The quantization parameters specific to the
adsorption capacity were calculated based on the optimal configuration
of AMO and AMP at the theoretical level B3LYP/6-31+G(d,p). In
addition, Monte Carlo simulation and molecular dynamics simulation are
applied to find the most stable adsorption configuration of AMO, AMP
in neutral and protonated form on Fe(110) surface to provide a better
understanding of the mechanism of the corrosion process. Research
results show that AMO and AMP are effective corrosion inhibitors for
steel in a 1 M HCI environment. In particular, the OH group on the
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skeleton of the AMO molecule plays an important role in increasing the
efficiency of corrosion inhibition.

CONCLUSIONS
In this thesis, we have systematically studied the corrosion inhibitory
activity of altilisin derivatives, xanthone, thiophene derivatives and some
antibiotics. Some of the main results drawn from the thesis are as follows
1. The quantum parameters evaluating the corrosion inhibitory activities
of three Altilisin derivatives and 14 xanthone compounds in the gas phase
and in water were calculated by the DFT method. Based on the obtained
results, the ability to inhibit metal corrosion of the studied compounds in
descending order is as follows
+ Altilisin derivatives: AH > Al > AJ.
+ Xanthone derivatives: 14 >7>2>6>13>10>12>5>11>9>1>
8>3>4.
2. Molecular dynamics simulation for the interaction between altilisin and
xanthone derivatives for Fe(110) surface shows that both altilisin and
xanthone derivatives have strong adsorption capacity on Fe(110) surface
according to parallel direction with very high interaction energy values.
The results of this simulation are almost in the same direction as the
prediction of the corrosion inhibition efficiency based on the quantized
parameters.
3. Quantization parameters (HOMO and LUMO energies, HOMO-
LUMO energy difference, molecular hardness, molecular softness,
absolute electron affinity, electron exchange rate, electron affinity index,
molecular dipole moment and molecular dynamics simulations were
calculated and used to evaluate the corrosion inhibition ability of the five
studied thiophene derivatives. The results show that the derivatives
containing the electron-repulsive substituent have higher inhibitory
ability than the electron-attracting substituents because the electron donor
capacity of the derivatives containing the electron-donor substituent is
higher. Therefore, the inhibitors containing the electron-donor substituent
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strongly adsorb to the metal surface and enhance the corrosion inhibition
efficiency.

4. The adsorption capacity of two antibiotics cloxacillin and dicloxacillin
was analyzed and evaluated by quantum calculation method combined
with Monte Carlo simulation and molecular dynamics simulation. The
obtained results show the applicability of two substances cloxacillin and
dicloxacillin as effective and environmentally friendly corrosion
inhibitors.

5. The quantization parameters characterized to the adsorption capacity
were calculated based on the optimal configuration of AMO and AMP at
the theoretical level B3LYP/6-31+G(d,p). In addition, Monte Carlo
simulation and molecular dynamics simulation are applied to find the
most stable adsorption configuration of AMO and AMP in the neutral and
protonated form on Fe(110) surface to provide a better understanding of
the mechanism of the corrosion inhibition process. Research results show
that AMO and AMP are effective corrosion inhibitors for mild carbon
steel in a 1 M HCI acid environment. In particular, the OH group on the
skeleton of the AMO molecule plays an important role in increasing the
efficiency of corrosion inhibition.

6. The influence of concentrations of AMP and AMO inhibitors on the
corrosion inhibition of steel in 1 M HCI was investigated through
measuring polarization curve and electrochemical impedance
spectroscopy methods. With an increase in inhibitor concentration from
0 to 100 mg/L, the corrosion inhibition efficiency of AMP increased from
80.0 to 84.9% for the polar method and from 83.41 to 90.06% with the
impedance method, the AMO increased from 46.4 to 86.8% for the
polarization method and from 68.29 to 90.73% for the impedance method.
7. At the condition of ambient temperature (25 + 0.1) °C and
concentration of 100 mg/L, the experimental results show that AMP is
effective at inhibiting corrosion (84.9% of polarization method and
90.06% of IES method), AMO (86.8% of polarization method and
90.73% of IES method).
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