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SUMMARY

ELECTRONIC STRUCTURE AND CORROSION INHIBITORS EFFIENCY
OF SOME ACETOPHENONE BENZOYL HYDRAZONE DERIVATIVES

The corrosion of copper in 3M nitric acid solution was investigated when using some

acetophenone benzoyl hydrazone derivatives as inhibitors. The structure parameters of these

compounds are computed using AM1 method attached to HyperChem 7.0 software.

The computed structure parameters are combined with practical inhibition efficiency (P) to

run a multi-variables regression using Statgraphic 4.0 software. Based on regression resullts,

we draw a conclusion on the relation between electronic structure and corrosion inhibitors

efficency of some acetophenone benzoyl hydrazone derivatives.

1. MO PAU

Hién tuong an mon kim loai dang gay thiét
hai to 16n cho nén kinh té cic nude trén thé
gii [1,2]. N6 1am tén thdt mot khdi luong
16n kim loai, nhung thiét hai con to 16n hon
do thiét bi hong gy ra béi sy dn mon. Phi
tdn cho viéc sira chita, thay thé cac thiét bi
héng con 16n hon gip nhiéu lan gia tri kim
loai dung dé ché tao ra ching. Boi vay,
nghién ctru vé in mon va chéng in mon
kim loai luén 1a mot trong cac van dé thoi
su cua cong nghé hoa hoc. Dé gop phin
khic phuc hau qua cua sy an mon kim loai

chiing t6i tién hanh nghién ctru cau trac
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electron ciia mot sb din xuit axetophenon
benzoyl hidrazon lién quan dén kha ning
{rc ché dn mon kim loai cta ching.

2. PHUONG PHAP NGHIEN CUU
Nghién ctu sy an mon kim loai Ddng
trong moi truong axit HNO; 3M véi cac
chit e ché 1a mot sb din xuit axetophenon
benzoyl hidrazon c6 ndng do 10°M.

Str dung phuong phap ban lugng tor AMI
trong phin mém HyperChem 7.0 [6] dé
tinh cac thong sb luong tir cia mot sé dan
xuit axetophenon benzoyl hidrazon (goi
chung 1a hidrazon).



Céc thong sb thu dugc tir tinh toan két hop 3. KET QUA VA THAO LUAN
v6i hidu qua trc ché (P) dugc tién hanh theo
phuong phap ton hao khéi lwong dua vao hanh tinh toan bao gdm:
phin mém Statgraphic 4.0 [7] dé thuc hién

phép hdi quy da bién.
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Két qua tinh toan cac thong s6 lwong tir cua 12 phén tir trén dugc ghi & bang 1,2.

Bang 1. Céc gid tri nang liwong, thong sé luong tir ciia 12 hop chdt hidrazon

Céac phan tr hidrazon ma chung toi tién

Phén ETota En ErLumo Enomo S \4 )
tir (kcal/mol) | (kcal/mol) | (eV) (eV) (A% A% D)
1 -80398.55 -14,75 -0,591 -8,417 397,64 791,99 6,340
2 -83995,06 -16,42 -0,557 -8,439 440,39 837,28 6,522
3 -83997,98 -16,33 -0,550 -8,457 456,23 845,91 6,778
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Phén Erotal En ErLumo Enomo S A u
tir (kcal/mol) | (kcal/mol) | (eV) (eV) (A% (A% D)
4 -83998,19 -16,28 -0,591 -8,447 459,93 846,48 7,176
5 -87791,99 -21,36 -0,576 -8,357 413,95 813,01 7,346
6 -87795,67 -24,09 -0,670 -8,482 429,51 815,43 8,066
7 -87797,14 -24.35 -0,601 -8,469 431,26 814,68 7,781
8 -99561,26 -22.27 -1,524 -8,715 466,13 854,16 8,090
9 -83993,51 -16,47 -0,622 -8,296 437,70 837,20 6,487
10 -83996,63 -16,33 -0,655 -8,301 457,20 846,83 7,139
11 -87794,10 -24.14 -0,731 -8,329 426,78 816,26 7,912
12 -87795,58 -24.,40 -0,664 -8,322 428,53 815,66 7,470
Trong do: Enomo: Néng lugng obital phan tir bi chiém
Ewa: Nang luong tong cia phan t cao nhat (eV)
(kcal/mol) S: Dién tich bé mat phan tir (A%)
Eu: Nang luong hidrat hoa (kcal/mol) V: Thé tich phan tir (A%)
ErLumo: Nang luong obital phan tir chua u: Momen ludng cuc (D)
bi chiém thap nhat (eV)
Bdng 2. MGt dé dién tich trén cdc nguyén tir va hiéu qud trc ché an mon dong
trong HNO; 3M cua 12 hop chat hidrazon
Phan tir 7’ /e Zo" 70" P(%)
1 -0,061 -0,313 -0,258 -0,281 59,00
2 -0,071 -0,309 -0,255 -0,318 87,85
3 -0,071 -0,306 -0,254 -0,316 87,53
4 -0,070 -0,306 -0,254 -0,316 94,00
5 -0,066 -0,313 -0,254 -0,283 86,00
6 -0,072 -0,305 -0,253 -0,309 83,38
7 -0,070 -0,306 -0,254 -0,318 90,00
8 -0,077 -0,303 -0,251 -0,303 80,78
9 -0,058 -0,308 -0,259 -0,315 87,64
10 -0,059 -0,306 -0,259 -0,314 90,87
11 -0,060 -0,305 -0,258 -0,306 82,59
12 -0,058 -0,306 -0,258 -0,315 85,50
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Trong d6: Zx°, Zx'°, Zo", Zo" 1a mat do
dién tich trén cac nguyén tir nito & vi tri 9,
10 va oxi ¢ vi tri 18, 19 tuwong ung; P(%) 1a
hiéu qua @c ché dn mon khao sat theo
phuong phap ton hao khdi lugng.
3.1. Thiét 1ap phwong trinh hdi qui tuyén
tinh biéu dién mdi lién hé giira ciu tric
phan tir va kha ning tc ché in mon kim
loai ciia mot s6 hidrazon.
Céc nghién ctru gin day [1,3,4,5] cho thy
trong sb cac thong sb ciu trac cua phan tir
hydrazon thi cac tham $b: Erumo, Enomo,
mat d§ dién tich trén cac trung tim hép phu
-NH, =N-, -OH, -CO anh huéng nhiéu dén
hiéu qua (¢ ché dn mon ddng trong moi
truong HNO; 3M. Do d6 ching t6i st dung
cac dai lwong ndy lam co s¢ dé khao sat
kha ning trc ché dn mon cua cac hidrazon,
ddng thoi khao sat sy anh hudng cia mot
s6 yéu t6 khac nhu S, V, Ey, Erow, L.
Méi quan hé giita cac thong sé cdu trac
phan tr hidrazon tinh toan li thuyét bang
phin mém HyperChem 7.0 va kha ning trc
ché an mon kim loai ddng trong axit HNO,
3M duoc thuc hién béng thuat toan hoi qui
tuyén tinh.
Ham hdi qui da bién giita hidu qua bao vé
v6i cac thong sb cdu trac c6 dang:

Pir = Yaix;+ const
Trong do:
Prr: Hiéu qua bao vé cua cac chét trc ché an
mon kim loai theo 1i thuyét
a; : Hé sb hodi qui ciia phuong trinh
x; : Céc tham sb tac dong dén P.r
Str dung phan mém Stagraphic 4.0 dé thiét
lap phuong trinh hdi qui biéu dién méi
quan hé thuc nghiém giita ciu tric phan tur
cta cac hop chit (¢ ché hidrazon va kha

ning rc ché dn mon dong trong dung dich
HNO; 3M.

Muc dich cua viéc hdi qui 1a tim ra phuong
trinh hdi qui cho két qua tinh hiéu qua tc
ché dn mon (P.r) sat v6i két qua xac dinh
hiéu qua trc ché dn mon bing thuc nghiém
(Pry) nhét, ddng thoi qua phuong trinh nay
phan anh dugc mdi lién hé gitra ciu truc
phan tr va hi€u qua bao v€ cua cac hgp
chit hidrazon.

Phuong trinh hdi qui su phu thudc ciua hiéu
qua bao vé (P) vao cac thong sb ciu tric
khéac nhau c6 cac dang sau:

3.1.1. Hi¢u qua bdo vé phu thujc vao 8
yéu t6: Erumo, Enovo, Zv's ZN", Zo", Zo",
I/J ETotal

P = 59558Eumo + 77,4360Epomo  +
25050472 - 2752860Zy @+
3166,2050Z0'* — 359,2350Z," + 0,2057V -
0,00075E o + 1135,7050 @)
V6i hé s6 twong quan R*= 0,9574

3.1.2. Hi¢u qud bdo vé phu thujc vao 8
yéu t6: Erumo, Enovo, Zv's ZN", Zo", Zo",
V, Ey

P = 78001Eymo + 43,5244Epomo  +

382,49597,° - 812,8210Zy" -
2430,7030Z0" — 274,7750Z" + 0,4033V —
1,1058E; + 412,9505 Q)
R*=0,9596

3.1.3. Hi¢u qua bdo vé phu thujc vao 8
yéu té: Erumo, Enomo, Zn's ZN", 20", Z,",
NJ ETotal

P = '53,5829ELUMO + 173,3181EHOMO +

24877547 - 24255900Zy"°  +
6660,6470Zo'" — 977,4690Z," + 9,8441p -
0,0028 1 Eor + 2349,6410 (3)
R*=0,9672
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3.1.4. Hi¢u qua bdo vé phu thujc vao 8 R*=10,9751

yéu t6: Ervmo, Exovos zZy y ZNM, Zow, Zo"” y 3.1.6. Hi¢u qua bdo vé phu thujc vao 8
S, E ot yéu 16: Ervmo, Enomo, ZN9, ZNM, Zols, Zoly,
P = 94563Eumo + 79,4528Enomo - S,V

40,33947y’ - 758,9590Z"° - P = -30.7649E umo + 160,2663Exomo -
2229,5150Z" — 323,5880Z," + 0,2588S - 722,5380Zy  —  1972,5100Zy"° @+
0,00109Er, + 786,7190 4) 3224,8850Z0" — 537,0090Z0" + 0,7057S -
R*=0,9700 0,5433V + 1559,1430 (6)

3.1.5. Hi¢u qud bdo vé phu thujc vao 8 R’= 0,9810
J’é” t6: ELumo Enomos Zn's ZN", Zo", Z,°,

S, Ey

P = -3,0434Eiumo + 76,2339Enomo -

158,8870Zy" - 1673,5300Z\'°  +

1897,0220Z0"® — 321,4970Z," + 0,40668S -

1,0343Ey + 387,4551 (5)

Bdng 3. Cdc gid tri Prrva Pry tinh theo phwong trinh hoi qui (1) — (6)

Phan (1) ) 3) (4) (5) (6)

t PTN PLT PTN PLT PTN PLT PTN PLT PTN PLT PTN PLT

1 [59,00]58,57 59,00 58,89 | 59,00 | 59,24 | 59,00 | 58,65 | 59,00 | 58,95 | 59,00 | 59,04

2 187,85]88,26 (87,85 88,69 |87,85|89,25| 87,85 | 88,24 | 87,85 | 88,76 | 87,85 | 88,91

3 |87,53(90,31 87,53 90,78 | 87,53 | 85,69 | 87,53 | 90,28 | 87,53 | 89,94 | 87,53 | 88,53

4 194,00]91,21 94,00 | 91,46 | 94,00 | 93,79 | 94,00 | 91,61 | 94,00 | 92,12 | 94,00 | 92,98

5 186,00 85,30 | 86,00 | 85,76 | 86,00 | 85,31 | 86,00 | 85,61 | 86,00 | 85,97 | 86,00 | 85,87

6 |83,38|84,36 | 83,38 | 84,36 | 83,38 | 86,94 | 83,38 | 83,63 | 83,38 | 83,70 | 83,38 | 84,14

7 190,00 | 86,47 | 90,00 | 87,07 | 90,00 | 87,75 | 90,00 | 87,13 | 90,00 | 87,81 | 90,00 | 87,88

8 180,78 | 80,40 | 80,78 | 80,84 | 80,78 | 80,54 | 80,78 | 80,54 | 80,78 | 80,85 | 80,78 | 80,76

9 |87,64|88,17|87,64 | 88,04 | 87,64 | 88,41 | 87,64 | 87,11 | 87,64 | 86,52 | 87,64 | 86,10

10 | 90,87 | 88,41 | 90,87 | 89,01 | 90,87 | 89,64 | 90,87 | 89,65 | 90,87 | 90,51 | 90,87 | 91,08

11 |82,59 82,11 82,59 |82,55|82,59 | 81,97 | 82,59 | 81,90 | 82,59 | 82,13 | 82,59 | 81,75

12 | 85,50 | 86,94 | 85,50 | 87,47 | 85,50 | 86,95 | 85,50 | 87,13 | 85,50 | 87,69 | 85,50 | 87,73
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Tir cac phuong trinh hdi qui va bang trén
cho thiy:

Céc phuong trinh hdi qui thu duoc déu co
hé sb twong quan (R?) ndm trong khoang
dang tin cay (0,9574+ 0,9810). Diéu d6
chirng t6 cac yéu t6 trén déu c6 anh hudng
dén kha ning trc ché dn mon kim loai cua
cac chét nghién ctru, tuy nhién mic d6 anh
huéng cua cac yéu td 1a khac nhau.

Khi thay cac thong sb luong tir tinh duoc tir
phin mém HyperChem 7.0 vao cac phuong
trinh hdi qui chung t6i nhin thy phuong
trinh hdi qui (6) c6 hé sb twong quan R? =
0,9810 cho cac gia tri hiéu qua bao vé cia
cac chét we ché tinh theo i thuyét (P,y) sat
véi cac gia tri hiéu qua bao vé cia cac chét
{rc ché dn mon theo thuc nghiém (Pry) nhét.
Két qua nay dugc thé hién & bang 3. Diéu
ndy ciing chimg to phuong trinh hdi qui c6
hé s6 twong quan R? cang 16n cang cho két
qua sat voi thue nghiém.

Trong qué trinh sang loc bién (yéu td) dé
thuc hién phép hdi qui chung téi nhan thiy
cac yéu t6 Eiumo, Enomo, mat do dién tich
trén cac tim hép phu nito va oxi, dién tich,
thé tich phén tir c6 tac dung lam ting hé sb
trong quan (R?) nhiéu hon so véi cac yéu
t6 khac. Pidu d6 ching té cac thong sb
lwong tir ndy c6 anh huéng quyét dinh dén
kha ning trc ché dn mon cua cac hidrazon.
Sy anh huéng cua E umo, Enomo thé hién
thong qua hiéu AE = Erymo- Enomo, hi€u
ndy cang nho phan tir cang d& chuyén 1én
trang thai kich thich, ¢ trang thai nay phéan
tr dé tham gia cac loai phan ing noéi chung
va hip phu 1én bé mit kim loai ndi riéng;
dién tich trén cac nguyén tir nito va oxi
cang 16n kha niang hp phu cua phan tir 1én

cac tam hoat dong cua bé mat kim loai cang
manh, dién tich, thé tich phan tir cang 16n
lam cho kha ning che phu bé mit kim loai
ciing 16n hon khi phan tir hip phu 1én bé
mat kim loai. Do d6 cang lam ting kha
ning trc ché dn mon cia cac hidrazon.

Tir nhitng két qua trén chung toi thiy ring,
trong moi truong an mon cac hidrazon da
hap phu 1én bé mat kim loai bing co ché
hép phu vt 1i va hoa hoc. Hap phu vat 1i 1a
két qua luc hap dan tinh dién giita cic phan
tor hidrazon phan cuc va bé mat kim loai
mang dién. Hép phu hod hoc 1a sy chia sé,
chuyén giao dién tich cua phan tir chit uc
ché cho bé mat kim loai va hinh thanh lién
két phéi tri giita cac trung tim hp phu -
NH-, =N-, -CO, -OH cua cac hidrazon véi
cac obitan d tréng ciia Dong.

3.2. Anh hwéng cia ban chit va vi tri
nhém thé ddi véi hiéu qua e ché in mon
kim loai ciia cac hidrazon

Tir két qua x4c dinh kha ning trc ché an mon
kim loai cia cic phan tir cho thiy phéan tur
(8) c6 hiéu qua bao vé thip hon. Vi day la
chét trc ché hidrazon c6 chira nhom thé nitro.
Nhom thé ndy co6 kha ning hat electron
manh nén da lam giam mat d6 dién tich trén
cac trung tAm hip phu 1a cac nguyén tir (N,
0). Didu d6 1am anh huéng dén hidu qua
bao vé cua cac chit wc ché nay. Déi voi
phan tir (1), mic du 1a chit tc ché co chua
nhém thé hidroxi nhung hiéu qua trc ché van
thip hon so voi cac chit khac trong diy
nghién ctru. Két qua tinh toan hoa lwong tur
cho thiy chit nay c6 dién tich, thé tich phan
tir nhé hon, do vay su che pha khi phan tir
héap phu 1én bé mit kim loai déng ciing nhé
hon so véi cac chét khac.
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10 phén ttr con lai déu 1a nhirng chit e ché
c¢6 kha ning trc ché dn mon Pdng cao. Cac
chit nay déu chira nhém thé metyl va
hidroxi, la nhitng nhém thé c6 hiéu ung +1,
+C ¢6 kha ning ddy electron manh lam
tang mat do dién tich trén cac nguyén tur N,
O. Pay chinh 1a cac tim hoat déng hap phu
manh 1én bé mat kim loai déng lam tang
hiéu qua bao vé cua cac chét trc ché. Pic
biét cac phén tir (4), (7), (10) 1a cac chit c6
hiéu qua bao vé 16n hon ca. Cac chit nay
déu chira nhom thé hidroxi va metyl & vi tri
para. Vi khi cac nhém thé & vi tri ndy cac
hi¢u ung khoéng gian cia phan tir khong
ngin can kha ning phan tng hay hip phu
cia chit tic ché voi bé mat kim loai. Khi
cac nhom thé nay & vi tri octo hay meta thi
da bi anh hudéng boi hiéu ung khong gian
lam phén tir ¢6 kha ning @c ché dn mon
kim loai kém hon.
4. KET LUAN
Di két hop két qua do kha ning trc ché an
mon kim loai va cac thong sb luong tir tinh
duoc tir phan mém HyperChem 7.0 dé thiét
lap phuong trinh hdi qui biéu dién mdi
quan hé dinh lugng gitta kha ning e ché
dn mon véi cac thong sb cdu triic cua cac
phan tir hidrazon, trong d6 phuong trinh (6)
1a phuong trinh hdi qui cho két qua sat véi
thuc nghiém nhit (R* = 0,9810)

P = -30.7649E_umo + 160,2663EgoMmo0 -
722,5380Zy" — 1972,5100Zy "

+ 3224,8850Z0"° — 537,0090Z," +

0,7057S - 0,5433V + 1559,1430
Tir phuong trinh trén cho thay, cac yéu tb
anh hudéng nhiéu 1én kha ning (e ché an
mon kim loai 1a mat do dién tich trén tam
hip phu N, O; ning luong obitan phan tir
chua bi chiém thép nhat (ELumo); nang
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luong obitan phan tir bi chiém cao nhit
(Enomo); dién tich, thé tich phan t.

Hiéu qua bao v€ cia cac chit @c ché
hidrazon phu thudc nhiéu vao mat do dién
tich trén cac tdm hdp phu trong phan tu.
V6i cac chét co nhidu nhom déy electron (-
CH;, -OH) trong phan tir thi mat d§ dién
tich tai cac trung tAm hip phu cang 16n va
hiéu qua bao vé cua cac chit e ché cang
cao. Hidrazon c6 nhoém thé -OH, -CH; & vi
tri para c6 hiéu qua bao vé tot nhit. Diéu
nay da duogc giai thich boi hiéu rng khong
gian nhu da néu trén.

Céc két qua thu duoc 1a co sé tin cdy cho
viéc dinh huéng tong hop cac hidrazon cé

hiéu suat rc ché an mon kim loai cao.
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