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TOM TAT

C4u trag, tinh chat va kha nang ic ché an mon Fe (110) cua hop chét pyrazine (PY)
va cac dan xudt 2-(2-oxohydrazinyl)pyrazine (OHPY), 2-isopropyl-3-
methoxypyrazine (IPPY), va 2-isobutyl-3-methoxypyrazine (IBPY) duoc nghién
ctru bang tinh toan hoéa luong tir. Cdu tric t8i wu cta cac hop chat nghién ciru cho
thdy khong c6 sw khdc biét nhiéu vé d6 dai va goc ctia cac lién két trong cac phan
t PY, OHPY, IPPY va IBPY. Phan tich orbital lién két ti nhién khéng dinh cic dan
xudt pyrazine dong thoi ¢ kha nang cho cac electron vao orbital tréng ctia kim loai
va ¢6 kha ning nhan electron tw do tir kim loai va chung la cac chat tiém nang
trong ttc ché &n mon kim loai. Két qua m6 phong Monte Carlo cho thdy nang
lwong hap phu cao gitra twong tac cua chat trc ché va mat Fe (110). Hop chat PY va
cac dan xuat OHPY, IPPY, IBPY duoc khao sat déu duoc hap thu song song dinh

hudng trén bé mat Fe (110) ching t6 ¢ kha nang tic ché€ dn mon kim loai tét.

Tu khoa: pyrazine, tecc ch€ dn mon, ly thuyét phi€ém ham mat d¢, mé phong Monte
Carlo.

1. MO PAU

Trudce day, da co rat nhiéu cac nghién ctru ly thuyét va thuc nghiém vé hop chat
pyrazine va dan xuat [1, 2]. V&i cdu trtic kha dic biét, hop chat nay da md ra nhiing
nghién ctru rat thia vi cho cac tinh toan bang thuc nghiém ciing nhu ly thuyét [2]. Cau
triic phan ttr pyrazine da dugc nghién cttu st dung phwong phap nhiéu xa dién tix pha
khi [3] va phéan tich X-ray [4]. Nam 1964, Califano va cong su da bao cdo quang pho
dao ddng cua pyrazine [5]. Mot diéu quan trong la nhitng cong bd gan day cho thay
cac hop chat pyrazine va dan xuat cé tng dung trén nhiéu linh viec déc biét 1a trong
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cong nghé son phu, chdng dn mon kim loai va ting dung trong nghién cttu vé duwoc
pham [6-8].

Thuc t€, cong nghé son phu 1én bé mat kim loai d€ tic ché€ dn mon thwong phai
pht nhidu 16p, d6ng thoi qud trinh x ly bé mat trude khi son pht bang phwong phéap
photphat héa lai phai dién ra trong nhiéu giai doan va doi héi sy c6 mat cia mot s6
hop chat doc hai nhu CrOs>, MoO#? trong mdi treong niede dan dén nhiéu lo ngai cho
van dé xtit ly nudc thai cong nghiép [9, 10]. Tuy nhién, cdc nghién ctru gan day cho thay
pyrazine va cac dan xuat ctia n6é nhu 2-methylpyrazine, 2-aminopyrazine, 2-amino-5-
brompyrazine la nhiing chat hitu co khéng doc hai [10, 11] da dwoc dé nghi lam 16p
phu chdng an mon trén bé mat thép [2, 6]. Ngoai ra, Hadi Behzadi va cong sy da
nghién ctru 1y thuyét vé cac dan xudt pyrazine trong qua trinh tic ché &n mon kim loai
[6]. Nhom tac gia tinh toan bon loai twong téc gitta st va cac phan ti pyrazine la Fe-m,
Fe-Ni, Fe-Ns va Fe-NHz. Nam 2015, nghién cttu vé kha nang chong ung thuw cua
pyrazine va cac dan xudt dugc dé xut boi Peng-Hui Li va cac cdng su chi ra rang mot
s0 chat tic ché topoisomerase II (Topo II) c6 hiéu qua trong qua trinh phat trién cta tac
nhan chéng ung thu [7]. Ndm 2018, Kang Fang va cong su da tong hop 26 dan xuat
hederagenin (He)-pyrazine, nghién ctru néu bat tim quan trong ctia cac dan xuat He-
pyrazine trong viéc kham pha va phat trién thudc chong khéi u méi [12]. Sau do,
Lakshmaiah Gingipalli va cdng su tong hop duoc mot loat cac dan xuat thé 2, 6 cua
pyrazine cé tiém nang dong vai tro la chat tic ché€ ca hai hgp chét protein gay ung thw
la kinase CK2 va PIM kinase [13].

Bdng 1. Tén IUPAC, cdng thitc phan tir va khdi luong mol ctia pyrazine va cdc dan xuat

A, A n , A n R Khdi lwgng mol
Chat nghién cttu Cong thttc phan ti Viet tat (g.mol)

pyrazine CsHaN:2 PY 80,1
2-(2-oxohydrazinyl)pyrazine CsHaN4O OHPY 124,1
2-isopropyl-3-methoxypyrazine CsHi2N20 IPPY 152,2
2-isobutyl-3-methoxypyrazine CoH1sN20 IBPY 166,2

N N_ _N N. _OCH

3 _N
= P o = =
N N N N~ ~OCH,
PY OHPY IPPY IBPY

Hinh 1. CAu trtc Lewis ctia PY va cac dan xuit OHPY, IPPY, IBPY
Méc du trén thé gidi da c6 mot sd nghién ctru vé tinh chdt va cau truc cua
pyrazine va dan xuat [2, 6, 10, 11]. Tuy nhién thuc t& doi hoi can c6 moét nghién ctiru

38




TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 17, S8 2 (2020)

khao sat tinh chat va cdu trtic cua pyrazine va dan xudt mot cach chi tiét va bai ban.
Dac biét, tai Viét Nam chwa c¢d nhiéu cong trinh nghién cttu tinh toan vé pyrazine va
cac dan xuat ctia né. Vi thé, cac d6i tuong nghién ctru ctia bai bdo nay sé dugc tinh toan
bang nhitng phuong phép ly thuyét hién dai vé6i sy hd tro 1y thuyét luong tkr. Trong
khuon kho ctia bai bao nay, ching t6i trinh bay md hinh nghién ctu ly thuyét vé cau
tric, tinh chat, va kha nang e ché &n mon mat Fe (110) cta pyrazine (PY) va cdc dan
xuat 2-(2-oxohydrazinyl)pyrazine (OHPY), 2-isopropyl-3-methoxypyrazine (IPPY), va
2-isobutyl-3-methoxypyrazine (IBPY) stt dung ly thuyét phiém ham mat d6 (DFT) va
phuwong phap mé phong Monte Carlo. That vay, cac hop chédt hitu co c6 chita di t6 nhu
PY, OHPY, IPPY, IBPY duoc biét dén la cac chat trc ch€ an mon hiéu qua [10, 11]. Déc
biét, ching la nhiing chét trc ché axit tot hién nay bao gdom ca cau trac c6 hodc khong
o proton [13]. Chung t6i hy vong nhiing két qua ly thuyét dat duoc trong nghién ctu
nay sé mo ra nhitng hudng nghién ctru mai trong tinh toan luong tit cling nhut mang
lai nhtng déng gop hitu ich cho cac nghién cttu thirc nghiém trong tuong lai.

2. PHUONG PHAP NGHIEN CUU
2.1. Tinh toan héa lugng t&r qua 1y thuyét phiém ham mat d¢

Cac hop chét nghién cttu duoc t8i wu hinh hoc bang chuwong trinh Gaussian 09
[14] két hop véi Turbomole 6.0.1 [15], v6i gradient ¢ mutec ly thuyét BP86/def2-TZVP
[16]. Stt dung phép gan ding RI d€ t8i wu cdu triic bang cac tap co so tuong ting. Cac
cau truc duoc t6i vu theo tiéu chuan ctia Gaussian. Tiéu chuan hoi tu cho nang luong
treong twe hop (SCF) dugc dat la 104 a.u va st dung mang ludi bién doi tich hop “m4”.
Tat ca cac cdu trac dugce xac dinh tai diém c6 nang luong thap nhat trén bé mat thé
nang (PES). Ban chat cta diém dimg trén PES dugc xac dinh bang cach tinh tan s§ &
cue tiéu nang leong voi cung muc tinh toan BP86/def2-TZVP. Nang lugng diém don
dugc tinh toan cuing ham véi t6i wu hda hinh hoc tai mac BP86 nhung st dung tap co
sO 16n hon def2-TZVPP [17] va hiéu tng thé ndng twong tac 161 (ECPs) [18] cho cac
nguyén ti C, O, N duoc tinh bi“mg Gaussian 09 [14], 1dy tir toa d0 cua t6i wu hda hinh
hoc tai muc ly thuyét BP86/def2-TZVP [16].

Khao sat tinh chat trc ché &n mon ctia pyrazine va cac dan xuét thong qua tinh
toan nang lwong diém khong (ZPEs) thu duoc bang phan tich tan s6 va tat ca cac cuc
tiéu déc trung d€ c6 tan sd bang khong. Cac tinh toan dwoc thiee hién trong pha khi st
dung chuong trinh Gaussian 09. Nang lwgng cua orbital phan tr cao nhét (Enomo) va
orbital phan tit thdp nhat (ELumo) da duoc tinh toan cho tirng phan t chat tic ché.

Theo dinh ly DFT-Koopman [19], Exomo va Erumo cho phép xac dinh thé ion héa
(I) va ai luc dién tx (A) la I = Enomo va A = Erumo. D61 voi N- hé thong electron ¢é tong
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nang luong dién t (E) va thé nang ngoai v (r), do0 am dién (y) dwgc dinh nghia la am
cua thé nang (u) [20, 21]:

oE
P M
r=u={ 5]
v(r)
va do cuing (7) [22] dugc dinh nghia la:
2
2\0N ), 2( 0N o

Do cling va d6 am dién ctia cac chat tc ché cd thé dugce xdp xi bang co so cua
xap xi sai phan htu han nhu sau [23]:

n=20-A) Q

x=%U+N 4)

D6 mém (S) duoc dinh nghia la nghich dao véi do cing (7) [24]:

s:l:(a_'\'} 5)
n Lou ),

2.2. M6 phéng Monte Carlo ctia pyrazine va dan xuét tc ché Fe (110)

Su twong tac gifta pyrazine va cdc dan xuat va bé mit phang Fe (110) duoc thuc
hién b??mg cach st dung md phong Monte Carlo. Ma dinh vi hdp phu duoc thuc hién
trong phan mém Material Studio 8.0 cuia Biovia-Accelrys Inc. USA da duoc sit dung
trong mo phong nay. Mat phéng tinh thé Fe (110) 6n dinh nhat da duoc st dung dé€ mo
phong bé mit thép trong nghién ctru nay. Fe (110) bé mat dwoc cat voi do day 5 A. Mt
phang bi cat tiép theo duoc phéng to thanh mot siéu t& bao (10 x 10). Sau d6, mot phién
chan khong c6 d6 day 30 A da duoc xdy dung phia trén mat phang Fe (110) d& dam
béo rang céc tinh toan khong lién két cia cdc phan tir pyrazine va cic dan xuat khong
twong tac voi hinh anh tuan hoan cta 16p dudi cung cua cac nguyén ti trén bé mat
[25]. Treong luc COMPASS (dién thé phan ti dwgc t6i wu hda pha c6 ddc cho cac
nghién cttu mo phong nguyén tir) duoc sit dung d€ mo phong tat ca cac phan tie va hé
théng. Trong nghién ctru nay, pyrazine va cac dan xudt duwgc mé phéng nhw cac phan
te chét trc ché @an mon trén bé mat Fe (110) d€ dinh vi cac vi tri hdp phu nang luong
thdp va ban chat ctia cdu hinh hap phu [25-27].
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3. KET QUA VA THAO LUAN
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Hinh 2. C4u trtc t6i wu hoéa pha khi ctia pyrazine va cac dan xudt (A) PY, (B) OHPY, (C) IPPY
va (D) IBPY & muc ly thuyét BP86/def2-TZVP

Bang 2. Do dai lién két (A) va goc lién két (°) ctia cac lién két trong cac phan tir PY, OHPY,
IPPY va IBPY tinh tai muic ly thuyét BP86/def2-TZVP

Théng s6 hinh hoc | PY | OHPY | IPPY IBPY
Do dai lién két
C1-C2 1,399 1,412 1,428 1,429
C3-C4 1,399 1,396 1,388 1,387
C1-N1 1,341 1,338 1,332 1,326
C2-N2 1,341 1,333 1,327 1,332
Géc lién két

C1-N1-C4 - 116,1 118,5 116,5
C2-C1-N1 - 122,5 118,9 123,2
C2-N2-C3 1158 117,2 116,6 118,4

Cau trac hinh hoc tdi wu cua cac phan t (A) PY, (B) OHPY, (C) (IPPY) va (D)
IBPY duoc trinh bay ¢ Hinh 2 va Bang 2 kem véi cac gia tri chinh vé d¢ dai lién két,
goc lién két. Trong cac phan tir PY, OHPY, IPPY va IBPY d¢ dai lién két C1-C2 ctia PY
(1,399 A) 1a nho nhat. K& tiép, do dai lién két C3-C4 cua PY (1,399 A) 16n hon OHPY
(1,396 A), IPPY (1,388 A) va IBPY (1,387 A). Tuong tw, d6 dai lién két C1-N1 caa PY
(1,341 A) ciing 16n hon OHPY (1,338 A), IPPY (1,332 A) va IBPY (1,326 A); va d6 dai
lién két ctia C2-N2 caa PY (1,341 A) ciing 16n hon OHPY (1,333 A), IPPY (1,327 A) va
IBPY (1,387 A). Diéu nay c6 thé giai thich 1a do PY khéng c6 cic nhém thé giy anh
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huong dén vong, trong khi cdc dan xuat cta pyrazine lai chita cdc nhém thé& —CHs,
—OCHs, -CH(CHs)2, —CH2>-CH(CHzs)2 gay anh huwong manh mé dén mat do electron
trong vong. Tat ca cac goc lién két C-N-C déu trong khoang 115,8 dén 118,5° va gdc lién
két N-C-C la xap xi khoang 120°.

Mat dd phan b8 electron da duwoc phan tich bang phuong phap NBO. Nang
leong HOMO Eromo chi ra xu hudng cho electron ctia phan tt. Bén canh dé Erumo la
kha nang nhan electron ctia phan ti mat khac phan ttt c¢6 Erumo thap hon thi c6 kha
ndng nhan electron cao hon. Nang luong ving cdm A E = ELumo — Enomo cho thdy phan
tee hitu co ¢é xu hudng phan ting theo hudéng dén bé mat kim loai véi hiéu qua tc ché
t6t. Thé ion hda (I) va ai luc electron (A) ctia phan tir chat tc ché duoc tinh bang cach
ap dung dinh ly Koopmans' [19] biéu thtrc lién hé véi HOMO va LUMO la: I = -Enowmo
va A =-Ewumo. D6 am dién (), d0 ciing (), 46 mém (S) cua phan tr dwgc tinh theo thé
ion hda va 4i luc electron nhw cadc phuong trinh sau: y = (I + A)/2; n= (- A)/2; va S =
1/n. Bang 3 trinh bay céc thong s6 hda luong tir lién quan dén cau trac dién t cua
phan t PY, OHPY, IPPY, IBPY.

Bang 3. Tinh toan tinh chat hda lugng tir cia PY, OHPY, IPPY, IBPY tai mtc ly thuyét
BP86/def2-TZVPP

Théng s6 tinh chat PY OHPY IPPY IBPY
Enovo (eV) 7,070 | -5,932 -5,851 | -5,851
Evuvo (eV) 1,900 | -3,429 2,185 | 2,177
AE (eV) = Erumo-Etomo 5,980 2,504 3,665 3,674
I = -Enomo 7,070 5,932 5,851 5,851
A =-Erumo 1,900 3,429 2,185 2,177
D6 4m dién (x) 4,490 4,680 4,018 4,014
D¢ cting (1) 2,590 1,252 1,833 1,837
D6 mém (5) 0,390 0,799 0,546 0,544

Gia tri Enomo cta phan tt OHPY, IPPY, IBPY tuong tng la -5,932 eV; -5,851 eV;
va -5,851 eV. Diéu nay c6 nghia 1a kha ndng cho electron ting theo tht tu: OHPY <
IPPY ~IBPY trong khi d6 kha nang nhan electron (Erumo) ctia ba dan xuat pyrazine lai
theo tht tw: OHPY > IPPY > IBPY. Chinh diéu nay dan dén nang luong vung cam E =
Erumo - Enomo giam dan theo chiéu PY > IBPY > IPPY > OHPY. Bang 3 ciing cho thay
cac gia tri I, y va n. Cu thé gia tri thé ion hoa (I) la OHPY (5,932 eV) > IPPY (5,851 eV) =
IBPY (5,851 eV), trong khi d6 d6 am dién (x) c6 gia tri 16n nhét la PY (4,490 eV) va gid
tri d6 cing (n) ctia PY (2,590 eV) la 16n nhat va nho nhat la OHPY (1,252 eV).

Cac chéat e ché véi gia tri d0 mém (S) du kién, sé cho hiéu qua trc ché cao nhat
[26]. Trong nghién ctru chat tc ché &n mon va kha nang lién két voi bé mat kim loai,
cac chat e ché thuong duoc xem 1a mot bazo mém va bé mat kim loai la mot axit
mém. Cac gid tri S trong Bang 3 cho ta thdy d60 mém tang dan theo chiéu IBPY (0,544) <
IPPY (0,546) < OHPY (0,799). Nhu vy d6 mém (S) ciia OHPY la 16n nhat, phit hop véi
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hiéu qua tic ch€ cao nhit so v6i cac phan tit dwoc xét 0 Bang 3, do d6 no c¢6 tiém ndng
tec ch€ an mon hiéu qua nhaét trong cac hop chat dwgc nghién ctru.

Cac phan tt trong nghién cttu nay dugc moé phong theo lién két orbital phan ti
va phan tich nang lwong orbital bang cach st dung phuong phdp NBO (Hinh 3). Cu
thé, mat d¢ dién tir trong cac orbital HOMO va LUMO cua tat ca cac phan ti déu duoc
phan bd trén toan bo dién tich cia mdi phan t&, diéu nay 1a do mat d6 ddm may
electron m. Cu thé, trong phan to OHPY, IPPY, IBPY mat 40 HOMO chu yéu phan bd
trén cac vong pyrazine. Trong khi d6, vé mat d6 electron ¢ HOMO thi cuia OHPY 16n
hon so véi PY, IPPY va IBPY. Diéu nay 1a do anh hwong tir nhom thé -CH2CH(CHs).,
—~OCHs, ~CH(CHs);, —~CHs vao vong pyrazine. Tt day cho thdy ba dan xuat cta
pyrazine c6 kha nang cho cac electron vao orbital tréng ctia kim loai va cling c6 kha
nang nhan electron tu do tir kim loai, do d6 ba dan xuét ctia pyrazine cé thé dugc coi la
cac chat c6 kha nang trc ch€ an mon t6t.

Hop chét LUMO orbital 8 HOMO orbital

N
N
0 0
N/
H
R, 4
S b 0®
N_ _OCH;,
AN
IPPY [/
N
N
[\
IBPY '
N7 MOCH, Y

Hinh 3. Méat d6 phan bé orbital phan tt HOMO va LUMO cua PY, OHPY, IPPY va IBPY tai
muc ly thuyét BP86/def2-TZVPP//BP86/def2-TZVP

Cac thong s6 nang luong bao gom tong nang lwgng ctia chat nén — chat hap
phu, duoc dinh nghia 1a tong nang luong cta cac thanh phan chat hdp phy, ndng
lwong hdp phu ciing (Rigid adsorption energy) va nang luwong bién dang thu duoc tir
mo phong Monte Carlo cho PY, OHPY, IPPY va IBPY duoc liét ké trong Bang 4. Nang
luong co chat (tic 1a Fe (110) bé mat) dwoc coi la khong. Nang lwong hap phu cho biét
nang luong giai phong (hoac thu vao) khi thanh phan chat hdp phu 1ong duoc hdp phu
trén bé mat [25]. Nang lwong hdp phu la tong cua nang lwong hap phu cing va nang
luong bién dang cho thanh phan chat hdp phu. Nang luong hdp phu cting cho biét
nang luong giai phong (hodc thu vao) khi thanh phan hap phu khong lién két da dwoc
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hap phu trén chat nén. Nang luwong bién dang cho biét nang luong giai phong khi
thanh phan chét hdp phu bi hap phu da gian ra trén bé mat chat nén [25, 27].
Bdng 4. Nang luong twong tc, hap phu va lién két tir dau ra va bo md ta duoc tinh todn bang
mo phong Monte Carlo d€ hdp phu PY, OHPY, IPPY va IBPY trén bé mat Fe (110) trong pha
khi. Nang luong tinh béng kcal.mol!

Hé nghién céru Téng ning Nér:,g luwgng Ning lu’q’ng hip Né.r},g lugng
lugng hap phu phu cling bién dang
Fe (110) - PY -1,196 -47,552 -47,776 0,224
Fe (110) - OHPY -48,659 -67,615 -68,622 1,007
Fe (110) - IPPY -26,655 -87,633 -89,274 1,642
Fe (110) - IBPY -51,041 -96,648 -99,629 2,982

Tt két qua 6 Bang 4 nhan thay gia tri tong nang luong ctia hé Fe (110)-PY, Fe
(110)-OHPY, Fe (110)-IPPY va Fe (110)-IBPY nam trong khoang -1,196 dén -51,041
kcal.mol™. Trong d6 tdong nang luwong cua hé Fe (110)-PY (-1,196 kcal.mol?) la thap
nhat, k€ tiép la tong nang lugng ctia hé Fe (110)-IPPY (-26,655 kcal.mol?) va chénh léch
kha 16n véi tong ndng lwong ctia hé Fe (110)-PY. Tong nang lwong ctia hé Fe (110)-
IPPY, Fe (110)-OHPY, Fe (110)-IBPY Ian lwot la -26,655 kcal.mol!, -48,659 kcal.mol", va
-51,041 kcal.mol! va bién doéi theo thit tw Fe (110)-IPPY > Fe (110)-OHPY > Fe (110)-
IBPY.

Gia tri nang luong hap phu ctng nam trong khoang -47,776 dén -99,629
kecal.mol. Trong d6 nang leong hap phu cting cta Fe (110)-PY (-47,776 kcal.mol™) la
thdp nhat. Nang luong hap phu cting cua Fe (110)-OHPY (-68,622 kcal.mol') chénh
léch nhiéu so véi ndng lwgng hdp phu cing ctia Fe (110)-PY. Néng lwong hdp phu
cing cua Fe (110)-IPPY (-89,274 kcal.mol') va Fe (110)-IBPY (-99,629 kcal.mol"') cao
hon han so véi cac hé con lai. Nang lwong hap phu ctng ctia Fe (110)-IBPY (-99,629
kcal.mol) gan gdp doi so véi Fe (110)-PY (-47,776 kcal.mol™). Gia tri nang luong bién
dang nam trong khoang 0,224-2,982 kcal.mol. Trong d6 néng lugng bién dang ctua Fe
(110)-PY (0,224 kcal.mol?) la nho nhat va ctaa Fe (110)- IBPY (-2,982 kcal.mol) 1a 16n
nhat. Gia tri nidng luong hap phu nam trong khoang -47,552 dén -96,648 kcal.mol-.
Nang lwong hap phu cling nhw ndng lwong hap phu cting ctia moi hé 1a xap xi nhau va
bién ddi twong dong voi nhau. Cu thé nang luong hdp phu cua Fe (110)-PY (-47,552
kcal.mol?) 1a thdp nhat, nang lwong hap phu ctaa Fe (110)-IBPY (-96,648 kcal.mol™?) 1a
16n nhat va gan gap dodi so voi Fe (110)-PY (-47,552 kcal.mol'). Nang luong hdp phu
cta PY va ba dan xuit cua né dwoc khao sat theo th ty: IBPY > IPPY > OHPY >
PY. Thit tw nay twong tu véi két qua thu duoc bing cac tinh todn héa hoc luong ti.

Gia tri nang lwong hap phu am cao hon cho thdy sy twong tac 6n dinh hon va
manh hon gitra kim loai va m¢t phan tt chat e ché€ con nang lugng hdp phu dm cao
nhat cho biét hé thong 6n dinh nhat va manh hon sy hap phu [26, 27]. Tt phan tich
trén cho thdy IBPY thé hién su twong tac manh nhat va 6n dinh nhéat voi bé mat Fe
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(110). Kha nang twong tac va tinh on dinh cua PY, OHPY, IPPY yéu hon IBPY va theo
tuan theo trat tu IBPY > OHPY > PY. Tt két qua nay cho thdy trong 3 dan xuét cua
pyrazine (IBPY, IPPY, OHPY) thi 2 dan xuat IBPY, OHPY déu c6 tinh tic ché tot Fe
(110). T4t ca cac phan tit dwgc md phong hap phu hoan toan song song trén Fe (110),
giup tang cuong dd phu bé mat khi nd twong tac véi bé mat thép duoc dua ra trong
Hinh 4 va Hinh 5.

Fe (110)-PY

Hinh 4. Cac c&u hinh hdp phu can bang ctia chét tc ché PY (a) va (b) trén bé mét Fe (110)
thu duoc bang mo phong Monte Carlo trong pha khi.

Tréi: nhin tir trén xudng; bén phai: hinh chiéu bén

Fe (110)-OHPY Fe (110)-IPPY Fe (110)-IBPY

Hinh 5. Hinh chiéu tir trén xu6ng ctia c&u hinh hdp phu can bang ctia chét tic ché:
OHPY (a) va (d); IPPY (c) va (d); IBPY (e) va (f) trén bé mit Fe (110) thu dwoc bang md phong
Monte Carlo trong pha khi
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4. KET LUAN

Két qua t6i wu hinh hoc cua cac hop chét nghién ctru trong bai bao nay cho thdy
c6 khac biét nho vé do dai va gdc cua cac lién két tropng cac phan tee PY, OHPY, IPPY
va IBPY. Phan tich orbital lién két tw nhién cho thdy cdc dan xuat pyrazine OHPY,
IPPY, IBPY c6 kha nang cho cac electron vao orbital trong cua kim loai va cling ¢ kha
nang nhan electron tu do tit kim loai, do d6 cdc dan xuat cta pyrazine cé thé dugc coi
la cac chat c6 kha nang trc ché dan mon t6t. M6 phong Monte Carlo chi ra nang luwong
hap phu 4m cao cua twong tac gitra chat trc ché va Fe (110). PY va cic dan xudt cta PY
duoc khao sat déu dwgc hap thu song song dinh hudng trén bé mét Fe (110) chiing to
c6 tuong tac manh. Xép hang cua sy hdp phu nang lwong cua bay phan t sit dung
phuong phap tinh toan nay twong tw nhu két qua nang luwong thu duoc khi st dung
cac phép tinh héa hoc lugng tir. Cac két qua ctia nghién cttu nay da chi ra rdng vé co so
ly thuyét mo hinh phan t& tdi wu cua hé nghién cttu la hoan toan phtt hop, cac két qua
ly thuyét giup tiét kiém thoi gian va giam chi phi trong viéc dinh hudng thuc nghiém
va tng dung tim kiém cac hop chat hitu co c6 kha nang chong an mon kim loai, gép
phén dinh hudéng cho cac nghién cttu thuc nghiém trong twong lai.
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QUANTUM CHEMICAL INVESTIGATIONS OF STRUCTURE, PROPERTY, AND
CORROSION INHIBITION Fe (110) OF PYRAZINE AND ITS DERIVATIVES

Nguyen Thi Ha Giang!, Huynh Thi Phuong Loan!, Phan Tu Quy? Nguyen Thi Ai Nhung!*
1 Faculty of Chemistry, University of Sciences, Hue University
2Tay Nguyen University
*Email: ntanhung@hueuni.edu.vn
ABSTRACT

We theoretically investigate structure, property and inhibitory ability of pyrazine
(PY) and its derivatives: 2-(2-oxohydrazinyl)pyrazine (OHPY), 2-isopropyl-3-
methoxypyrazine (IPPY), and 2-isobutyl-3-methoxypyrazine (IBPY) using density
functional theory (DFT) and Monte Carlo simulations. The optimization of
equilibrium geometries of PY, OHPY, IPPY and IBPY shows that there are some
minor differences in the bond length and bond angles between pyrazine rings of
PY and the three derivatives studied. The analysis of natural bond orbitals shows
that the three substituted pyrazine derivatives OHPY, IPPY, IBPY may have the
capability in donating electrons to unoccupied orbitals of metal and exhibit equal
possibility to accept free electrons from metal which might be considered as good
corrosion inhibitors. All the molecules PY and its derivatives adsorbed totally in a
parallel at manner on Fe (110), which enhances its surface coverage as good

interaction with the steel surface Fe (110).

Keywords: pyrazine, corrosion inhibitor, density functional theory, Monte Carlo

simulation.

Nguyén Thi Ai Nhung sinh nam 1980. Ba t6t nghiép ctt nhan Hoa hoc tai
treong Pai hoc Khoa hoc, Pai hoc Hué; nhan bf”ang thac si chuyén nganh
Hoéa ly thuyét va Hoa ly tai truong Pai hoc Suw pham, Pai hoc Hué; nhan
bang tién si nganh Hoéa ly thuyét tai truong Pai hoc tong hop Philipps,

Marburg, Cong Hoa Lién Bang Dttc. Ba duoc phong hoc ham phd gido sw
nam 2018. Hién nay, ba giang day va nghién cttu tai treong Dai hoc Khoa
hoc, Pai hoc Hué.

Linh viec nghién civu: Héa luwong tir va héa ly thuyét.

49






