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A Theoretical Study on the Mechanism of the Inhibition Efficiency of

1-(2-hydroxyethyl)-2-alkyl Imidazoline Inhibitor
Liu Linfa (Materials Science and Engineering)

Directed by Prof. Zhang Jun

Abstract

As an economic and effective technique to inhibit corrosion, organic corrosion inhibitor
has been widely applied in various industrial departments, such as chemical cleaning,
industrial water, mechanical equipment, which has become an indispensable industrial
anti-corrosion material. Most organic corrosion can adsorb onto the metal surface and form a
protective film, which block corrosive medium diffusion to metal surface, and thus slow
down corrosion rate. However, the inhibition mechanism of inhibitor is still need to further
research in order to guide designing newly-type inhibitor. In this paper,
1-(2-hydroxyethyl)-2-alkyl imidazoline inhibitors with various alkyl chain lengths were
chosen to investigate corrosion inhibition mechanism for carbon steel in H,S corrosion
environment by combination of quantum chemical method and molecular dynamics
simulation.

The HOMO and LUMO of six inhibitor molecules had the same distribution center. All
three reactivity centers (N(4). N(7). C(8)) were located on imidazole ring, indicating the head
of imidazoline molecule was preferred to adsorb on metal surface. As a result, alkyl chain was
favored to form hydrophobic film.

In liquid phase, the adsorption behavior of six kinds of inhibitors on Fe surface was
studied by molecular dynamics simulation, and the adsorption mechanism was also
investigated. The head group of inhibitor molecule parallely attached to the Fe surface, while
the alkyl chain stretched out into liquid phase with a certain angle. With the elongthment of
alkyl chain, adsorption angle increased. Also the binding strength of inhibitor molecules with
the Fe surface enhanced with the increased of alkyl chain length. Corrosion inhibitors could
form corrosion inhibitors membrane on the metal surface. The compactness and stabilization
of membrane strengthened as the alkyl chain increased.

The diffusion behavior of four corrosive particles (H,O, H3;O', HS, and CI) in
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membranes was investigated through molecular dynamics simulation. The inhibition
performance of inhibitor membranes was analyzed by calculating diffusion coefficient,
fractional free volume and the interaction energy. The results showed that all inhibior
membranes could effectively prevent the corrosive particles diffuse to the metal surface. With
the elongation of alkyl chain length, the inhibitor membranes showed increased capacity for
prevention of diffusion of corrosive particles. The inhibition ability of cations or anions (H;O",
HS’, and CI') was stronger that that of neutral molecule (H,O).

Key words: Imidazoline, Quantum chemistry calculation, Molecular dynamics

simulation, Inhibition mechanism
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Figl-1 Structure of the imidazoline inhibitor
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Figl-1 Conformations for six imidazoline inhibitors

DTEEH PR R DTHFE WG R
7 1-(2-F% £.3%)-2-7- 5 3 - DK ek A 0.317
0 9 1-(2-F8 £, 55)-2-9-J5¢ - 1K Pk B 0.413
?_\’! \_\‘ " 11 1-(2-F2 £ 3)-2-11-J58 S - 0K ek C 0.485
/Y
"" ' 13 1-(2-F% £35)-2-13-J5e JE- K ek D 0.689
R 15 1-(2-F% £ 3£)-2-15-J5¢ S - WK ek E 0.830

17 1-(2-F8 £4.3%)-2-17-J5¢ 3 - DK ek F 0.963

*: IE(Inhibition efficiency) was taken from reference [18].
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A HUE MR o T oA I E I R 4R 2
142 MRAR

(1) SR 725K R WMBR L MK R WA 6 gl o1 4t
VHELRAESE B 73 7 WS S M RFIE S 4, e v o AT B BE R (Baomo) « SRS BLIE
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REf(ELumo)~ FUATMI S, A BLCA IS A, WAk Menbk 2l 3 1 454 5 22 1l

BRI PTAAE I R R
(2) WAHZAE N, GV o> 1 AE < Jm R AW AT D o R SR A/ 7K/ < i i A

M, PR BOABLZAE T, K 730 1 5B 9T 6 FlAS Rl B B 1 1Y) IR A 22
PRI JE Fe(001)Z M (AW B AN AT Ay, W W VBON 92 1) 231 W AT 4 T
I K BRI HEC S A eR BT 1T AR SR ) o0 (IR AT 4

(3) JEoRE AR 9 AT o AU 93 73l 5B ik,  WE9E 4 B o i
R 1 HoS JE A BT AE 6 PhAS [A) e REAE I (10 22 RS P (™ B4, JErP AR AR 4
JE Ay R T 4R HS'. H3O'y CUAI HpOo S HURE. S20lunI s B e AR 45
RPN B Y HOVERE AR LA S PORE JES Tk A JBORE 47 B RO L

143 THARFAE

ARG T LRI, IR S Rz R Be . 2> 1 2 o 18 ) B
U578, TR HT 6 PR REIERE K 1-(2-F2 £3)-2-Jr KL MK I 22 (b 1) () e I e K
SR 53 SN PR RIS s AU R o 1 TR A R 704 S R B AT A s B
FUR A FORL AR MR I AT A s TR T 1-2-F8 Lk )-2-J kWK bR 2 okt
FIPI S AL FE o

(1) L2731 A R 2 ) i vk 5

B 2 M PIE(DFT) ) Dmol® J7ik, Xt 6 Bt 1-(2-F8 £.3)-2-Jo L oK ISRk 2 741
ST AEREATA, IS R A PUE R R ARG R R AT SRS,
DR NING i el ) S AT

(2) BAH A WK PAEIR 2 It 551 43— 70 465 e T 1)V AT A

W51 8) ) A IT VR, WEFUK VS T 6 AN [ e e B 1K 1 1-2-8 £ 36)-2-
Jt B WK IRk 27 T R R 43 S IR AT Fe R IR R AT 4

(3) JEARA FORL 175 1-(2-F L3k )-2-Jo R K ISR 22 fah 77 i (109 1A T 4

R 353 01 007 1%, BFTUHLS JE B ERSE O AAAE (1 4 5 e /v R 75 22 T R
R HAT A -



5w BRI A S A

E_T B A AT ERERE N
2.1 BigH*E

A SCLAOFIAN [l e S K (11-(2-04 £ 3k )-2- I Jik- K MR 22 1 71 R WF U 52, SR
AL 57 2Ry T8y ) S AUAR 25 G IR T 1200 G2 ol LT e 22 RURE IR AL
UREFE, WU AR P TR ) SR T R R .

2.1.1 BEZREIL

1971 4F- Vosta 55! HI 70 24 7 0EAT T LR AT, A8 854 40 S5 VR
NI I35 S5 K 5 e P BE Z TR SR AR A 2 T-Bro 20 4D 80 FFAUE, Bz i
H& (density functional theory, fiFX DFT) Ml & ek, HIABAZE . 4 7H
[ A 5 A ki mT PR R 2 B IR SR HE « DFT i — R B . i s 4
Jrik, el LR RS I S LT BURI B A S5 R, T8 18 T A AR
RO, T DU S 2% 0 20 A il REURE A B — 21 EL A B B LRI T R, AR HL T R 1A%
(RIAR A R P B RO MR, X A AR ) Jry bl bl )™ SRR EEI AL, AL
FCH A S I — R R 5 iR

AR, B2 BRI SMD A AT B T A RLRE A 1) E SRR R A
DR, R B2 B BS MDA S & SR AEAM BB & A RSP A5 T T
A W R % s B T LLE H) T KB AR R N AT, SR R i T H
TIEASRERE 5 TR AL E Z A R T LU SR 2 70 1 04K . ik m] W, 3 32 e 2
W AT LM IR S5 770 ) B (P8 2 ), B L B AT B SRR, AL RN ]
WL A TSR R B S MR, B R T MK TR,
KR T LLR e AR I e v 7k BUARAEDFTINSE Fr B h, K2R T )Rk
B PETULDA), XSt TN IRE BE AT AL, IDFT 5 3 A RO AEAR R L
LRI RS LA — B RE ), EBCA AR H LK 5 ASGE LDA RS L. AR
DFT SR VF & R AN Ab 78, ) SOBB EEIEAL(GGA) 35 J5 10 SE 8L 17 vl B R 32 ik 2>
LDA i 2P,

212 FFAFTE

1 115751 (Molecular Mechanic, faj 8 MM) X FR 1137 7574 (Force Field Method),
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FALYET 20 tHhed 70 4R, JRARIE LM ) R, H AT 2 N T TR
ZMAeE . HITE TR T 1Y, KRR — AU BRI U5 2, T 2 T
LTIz 3, 1 RS RN R AR B R R . el o T3 e s
TR E5 R LF S i B 1 ) 2 R T AR A R 2 AR v SN TR R i T
BB B T P
213 SFRNAFERUFGE

78 IR (Molecular Dynamics Simulation, fijFf MD) vk, &Ml 5y
PS50, R H R 2 R R R 2 RGN 7L nT LA S T KOF BB
YIRS G O, A RN TSI AE o 23 T8 1w ik ik 1A e
HHEILTER HAT AN FIAL, TR RER FRE R BHirsH gz m
BUE, Oy FEAEEL ., A% FHRIRFE S AT 5T PO,

BEA VHEALEORI AR, I TR 2 70 TR, AEAE i ik f e, &
RO R P AT B0, RS AT 80 . Bk, ORI T R I, Y
BT IA]

2.2 Material Studio®X {4

Materials Studio(MS)# AL — 3 11 B RIRL = S WS E AT 50T A B, ]
LT ROZATHE PC AL AT ML IS B AEDT . MS 3P o B A A IR SR B, FH
FrafhE el TR RS, DA R A, IFH MS R TR
I BRI Microsoft ARUE] S LI, SXFELS AR TIRZ lFab, — & AV id
BRI R AR RS2, I B X ST 4 R TIR  . E R BB A
RSB AR S0 7 . AR T = SRR, xS A A, ToE B LA K oy F
SR B KA 56 1 FEREAT IR N BT . MS S48 T 41 58 36 OB IR S, 7] LLFE B AR
DTN R TEAR KR A2 S NSRRI 2 S0 AT 1) — 2 1 B 2 ) 8
O 2N AT AmAa . F25. &, BT, WRERPSHRSEMER. MS H
Windows2003. NT. Unix LA Linux 552 FiH§AE1- 5 [f] Materials Studio 457 & A4 kHR}
FHZ MOEIE AR SR A N . MS BRI RG] Client-Server 4544 ¥V nl HLl
FVFH PR AR A B 2% EIRAT A — & g5 35 b, JFK 25 SR A1 317 7 i 34T 45
A1, AT S5 KB F8E b R T o % S 5 AT 0 5
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5w BRI A S A

ARSI TARW B BAG TS, 531 12 G138l ) U AE T, IR FH R D e AsE
e =34 DMol’. Visualizer. Discover. Amorphous Cell £5. T K # P He 43 I /E
fiaj oA 2118,

DMol’ #iHt: DMol® B & Pk 2ty —, SRl DI ROBal. . F 2Ed fe
FOPE BRI AL T 1 2R 3T P ARBR IS, SRAd MR, SCRFIFATIE . DMol?
BEH ) D BEAR AT U T -

1 AT R [N AR BT o il {8, FRAGIAN AR B35 Bz R BRI oF 4, BEAT 00 &5
Fnges, JUAMOLAG A ARKR, HEAT AR TSR A4S

2. VZWA: R RERE (PWC, VWN S5 , |7 SRR LI U3 2 s B e (PWOL,
BLYP, BP, PBE, RPBE %) ;

3. JEAH: HUE A0 JE4 (B/hE4l, DND, DNP) ;

4. WLURA Gy & A g, M TREURTER R, 55

HARE 2 DR A EAEEDE I P FHi T, f EAT B U™ A A S

Visualizer B X BIHGR A THE CAERIEAL, E30t T R AR S5 8
WA TR, TR IS A G Y, IR R B B FE AR IR BRI 23 b TR
DA SCRE MS [R3LAh ™, S MS IO, EZEDRe 0 i I B BoR, 7]
LB REF T, AR T B A IR R R SR, IR ] Lok
BN P S R AV B I 21 Office R 817 ih 22

Discover f5itk: HANZEHUE MS 17078 5 it 501 8, ] T 2 M R e
(153§ 1% A MD J5¥. Discover B LLANEUHE K ) 4 /E h AL, 254 vl LAHER
TS AR RE A Y, AT DLAERf M oh S > TR R IS5 R, R LAAER b S T B )
BENEAE . Discover At 158 KA Bt TR, mT LRSS R4 TH 2080 70
B, IR SRS H 1R 25 300 2w LRSS 5T, AN
AR B ST LL T (3, BEVR A RO A8

Amorphous Cell BEH: BB 2 g & @ BIUTHE S 0 M AR i LR SR &
T LARIRWTIT A SR AE R I ARt s ARESTTRRAT o BEHERI DL ) i ik da s A5 v o
Amorphous Cell P4 F 75 % Discover 4312l 1127 513 1 352 oK 58 il
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FE=5 DKM S FRMIEMER DFT #5%
3.1 51§

RIITF G, AT LG R 22 h 1 BE S 1) e PR R R AL R ) 7y 1 &5k o A
BEWIT 9T 22 1l 700 73 4 Ky 5 D2 b M 5 2 T) 10 5 00 B A 92 (b L UMD JEE 92 b 771 73 1~ o
HATE LI PR 3 o BEAGAH GBS (1) H & 58 3 M SN U E K- 4 s, DFT ek
FE AT J7vE . DFT nl DLSR RS A 1K) J LT A BRT H o A 455 R, 1l ih 5
HOMO #1 LUMO. Fukui $a¥(55 W S IES 8, i e & 1 A0 B 20 B B LG bl 701
() S AT B e, RE BT 7Y 2 bl (1A S 2 L

AT LL 6 AN RIGEIEFEAC I 1-(2-F5 L FE)-2-Je Be- WK MR 22 U AT 50 %, K]
B 7 RS (¥) DMol J5vk, B VM AT PUE M ISR, R T T RN
WEPERIERENE, I A TR S AT T G R0 oy 176 4 JR AR T (R R AT A 4T Bk Al
32 iEAE

T TAEAE Accelrys A ) [f)Material Studioff)Dmol® #2740 1 iE47 . Dmol® J& 3 T- 25 JiF
2 R B MK BT )RR, %5 RE N LU PR | At Y 45 ey 2 R
JUART G5« S o DA S R Y A5 E P IR 22 Bk o, ] A%V AT e SEALR
{HY" FEIL(DNP), HL 1A #e SR PR KK T 2% Bz pR1 | SORR B2 I ABL(GGA) FIBLY PiZ bR AH 45
EWIJTE, EVERET, quality B A fine, DLALISCSIORS B BURE P e 1. A8k
PEDmol’ V-7 K AR 22 b 771 43 1 1A R B, R T AR AJL AR (1D Dmol?

& DADFT A1, J5 Lo A% 1 5B R IO Js 755, i TR 35 o 25 PR A T J 7 (1 %5
BEIZ R TRERAG, I BAEAE R — RAN = IRFEA 4. (2) 7EDmol’ v fa 73 i L1
N 2R A S FE TR TT, NI AT LIRS i Hh 26 /R 2 % o SR Al Posson /7 FE 4 L i
TR OB R AT SIS (0 2 At 5, AT T S5 T P PR I ) 5 44 3R FR) R/ 1
LEPEIELL . (3) Dmol (ML et BB R oy I R A T = 2 0 AT AR L

3.3 FR51Fi8
3.3.1 HFEBTL
6 1-(2-F5 L) -2 Fh- WK WAEIRK 22 1l 751) 43 1~ A~FARAL J5 1 LA S5 A i BE3-1 B s . H



S 5 BRI ) BN R 1) 2 bR AR T T

TR AT S0 ORISR Bl 1) 2T FRN(4)-C(8) I T 35 24 90.139 nm,  HHIE Jhy Hdt 4
s N(7)-C(8)Z Al K 249 2450.130 nm, A WU I o XU ¥ B B/ N1 B P K
XA UL RV BRI, SRR SRR AR o7 IR MR o i TR PR B KA A
F0.130~0.156 nmZ [A], WRFEER (¥ Py B A 7E101.3°~115.9° 2 [A] . SEKFIEEE 1 1) 15 45 21
At 5 Cruz N2 IR FHB3LYP/6-3 11G** 5 i v G2 ik ) 407 BT 43 2 (0 1 45 4 2 40
BRI, RWARSCITIE AT L&A AT,

‘3. ‘s.
ﬂ,) 1 ,
s 030 RS
B %
9, e,
"“‘3“33 4333143
"’ 1919979 "‘, 1937913
o < j:"a D
90, o,
*333 H}'waw
AREREN SREREERERD
e, o,

K 3-1 A~F o FIRALER L EL

Fig3-1 Optimized structures for A~F molecules

332 HIZEER

AT ANTE RIS A 0 S N TN AR B A FIANAN I R AR A 23 1 I AT 2B 2 1)
1 FASCHTE g2 bR 7> 7AE Fe R HIWBINAT A, it LUAT 0 B2 R 22 i3] 73 Y
HOMO Fll LUMO. 1-(2-F% Z.3)-2-J5e Fe-k MRk 22 1t 571) 43 A~F ) HOMO A1 LUMO %y
AT LI 3-20 A 3-2 AT DA HE S 6 AN ] e SRR B R K IR 22 b 751 701 e e o5 A
OB BACR AT PE S BA A Aoy, IF B SAEKIRER b, 0 B A A s ik
IR 2 LU ST IR B, WAOOR IR 22 551 701 7E. Fe 2R TR I 2> LU ARG UE s PRIEEA I 5
W BRI ASE D2 T 771) 93 R ot BE S A < SR AR T T il — S /K B ER AP IS, i) A7 23 BELA T et A
JTORE - [i) <5 Jo AR T A9 AR, DA T RS ) 9k s b ) AR
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Enomo=-4.779eV Eromo=-4.837eVV

ELUMo:-0.177EV

A

ELUMO='O-292eV

ELUM0=-0.261eV

C D

ELUMo:-O.2489V

& 3-2 6 FhBRM ST A~F #) HOMO F1 LUMO 4377
Fig3-2 Distribution of HOMO and LUMO of six kinds of imidazoline molecules A~F

3.3.3 S LZiEMEFRTE AL S
BIEREE AR, RS2 A 431 (i P X 3 3 EE A A AE R MR 3R b, e o 1

15



S 5 BRI ) BN R 1) 2 bR AR T T

A REIIR AL A, R K Fukuid i 806t 705 1K) S s MEACE— 22 (F5T . Fukuidi BOEAT
TG A1) 5 A% Ik LR 32 437 At P 7 (K A 80 VR e s sy
W7 ) s EIAAE T, Fukuisfi 3 £ (7) 7T LA SO HLT 35 BEC p(7 ) ) H 7 B0 V) 18— B D 5

0% G
RIS NER, /() TR

fi(F) =4¢,(N+1)-g,(N) (3-2)

fiF) =q,(N)-q,(N-1) (3-3)

o, q,(NARES TN I BTH R, g, (N + 1)1 B BT 1
i, g, (N-)RES T AT i, fF) MBI, fF) AR
SRHIC RS, MR R/ G R I RS, BUE KA/ 4 F T T RE i
Fukuifis £l LR FIDFT J5 7245 & Mulliken i Jey 43 M7 43, VHE RS W33-1. ZR3-1
RSO T LUK, B o SRR A AR N, K IR Tt 751 3 1) S IS P AT 1 B 45 TR
(I Fukuifg BORNEARBAT KA, TX B 537 a0 5 IV 375 A 0T 1K Il 272 ol 1) (1 e e
BRI BAT A A0 o 383 JT TN Fukuidg 200 2087 T DL B ANTE,  6F A [ B b i K )
IDK PARIBR 8 b 35) 47 P M 07 S B L AR ], G2 s Bk IR T RN (4) s NI £ (F ) J8k
53 A 10.138~0.145F10.195~0.199 2 7], F WX 2 J 1~ J2 S8 HL [ W Hale o TTC(8) MIN(7)
HAHRM £(7) Bl IFH2 BAb7E0.222~0.220H10.175~0.1782 4, WX 2J5 135
RN e ZEA A BT, ) LASE KR 22 1l 43 B N(4) . N(7) K& C(8)IX 34
PERT R, I HLAS A A AERKIRER -, 35 KK b 73— 1) Sk S AR S MR B AT 4 R T b AR
A7, AL TR 5y T 4 8 2 THI T PR e W BT, T R -4 e 2 ) ) 2 sl o3 4
G 7 1 B B e R UIE B B (Enomo) 2 70 T4 L T RE VAU REIE, Enomo AR
BUE T PSR, SRS, MR, Eemnb I uE R, R
D TR S 5N RN o 73 T I ELumo 5 I TSR FIBE AT K, ELumofEBRIG /) T35
X HL T I BE SR . LUMOSHOMOM RE R 25 A ESE 4 T Rase YEI — Al E 21
fabr, HH A E=Erumo - Enomo. A RWIFIRM: A EMEUECR, SR 40 A vk
ool M, A EMEUEBN, g FaBARE, BESS 50 RIS RN
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PIEATASE GBSO RS 3

ORI 73T I Enomo lE V5 45 S 40 il 4-4.779 -4.837. -4.854. -4.892. -4.871. -4.847
kIsmol™, ErumoffI 1545 B35 4-0.177. -0.241. -0.261. -0.293. -0.274. -0248 kJ*mol ™,
A EfRE 53 50 4,602 4.596. 4.593. 4.599. 4.597. 4.599 klemol™ . THEEAHAHZEAK,
XA R ORI o1 6 SN P S R IRAR AR /DN, e R B R G2 ik ) 431
IR S N 35 PEBE AR AN 23 7= A AT A 5

R 3-1 A-F BRIIRSEBTAI 7 [ Fukui 530

Table3-1 Fukui Functions for A~F inhibitor molecules

LRV 4y T fLF) fiFY
N4) 0.026 o(1) 0.032
A N(7) 0.175 N(4) 0.138
C(8) 0.222 N(7) 0.199
N4) 0.026 o(1) 0.038
B N(7) 0.177 N(4) 0.145
C(8) 0.225 N(7) 0.196
N4) 0.028 o(1) 0.040
C N(7) 0.176 N(4) 0.144
C(8) 0.226 N(7) 0.197
N4) 0.029 o(1) 0.036
D N(7) 0.178 N(4) 0.144
C(8) 0.229 N(7) 0.197
N4) 0.033 o(1) 0. 037
E N(7) 0.178 N(4) 0.141
C(8) 0.229 N(7) 0.195
N(4) 0.026 o(1) 0.038
F N(7) 0.176 N(4) 0.145
C(8) 0.226 N(7) 0.198
3.4 it

IZ %5 37 o FE (DFT) ) Dmol® J7 32t 6 Fhmkmembh 2 ik 70) 43 1 1 5 A4 A0 1 AT
THARWII, AR NS
(1) LT EPUIE 73 AT LAKIE : 6 Fhk bR 2 7] 73 1) e e o 9 LB AT B3 IR 28
BB HATAHIR B 3 A ot AR o)1 (R 20 A1 oD 2 2R R AE R IERA |, 00T IR AR
R0 1 5 Fe K1 18) T RO AL BEAN B A B2 AT R 1), A7 R AL G2 1) o) 148 Fe &
TR e AR R AR PRL A 5
(2) B ETERT LG e 6 ARG AE K 1 2t 70 5~ RAT B G PEAL AL
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S 5 BRI ) BN R 1) 2 bR AR T T

N N(T) 2SR RN Dy, CEO)H N(T)& SRR N Tty I BIX=ANE M P O# o A
FEKPRER b, R LA IR bR 71~ (14 Sk 350 L JRR % S8 W P 6 J 3 1T s 2R ki) 43 133 1
R B X e T <6 e T S /K DR M 0 A R 1) ) LA RELA R Sl A SR 7 1) <62 e
EIHENE

(3) FHHTZRANAE 53 A0 S SN (1 43 8 ] AW SR (R 038, 6 AN IR e FE 1R 28 bt 71 4
T 1R BT A AT 1 DX Al A A S A i /N ) 3K 0 B e B AR A (1A R 7 11 S ity 1
JUPAN 38 A4 5 0 o
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FME ZM545 FAEFeR E WM 1T /9 HIMDFE U 33
41 318

A ML 51 DR 7 A0 4 i JE8 by T BT 205 . RS A, B N T A G
TNV HUBEBE RS TMR AR, IR AR o A B e 10 5 5 bR R, K22 %
A PG A W B G2 ), A 4 AR TR B I 2 TR R s, BELIEJ ko i b 42 8 3R
AT, AR 298 48 I i) H 1) o 2o )0 1 BE . Ak 2 Ve oo BELAG 4 8 s
ol EAREHEVER, BOR SRS R BRSOV R UG bR 4 i A i v s, R
FEXF G5y 115 4 R AR T 2 RV A ELAE P AN T i EL D101, DR IS 22 i) 40 1 AE 42 )
R BAT Ay, AR TT REGE iR L BRI ST AT B BB 48 T e

BEE v EAUAELE A I s MU DG BB 195838, 4> 781 J1%% (Molecular Dynamics,
A AR MD) #E4U 7V A 75 317K B U BAT I () — R 2T By, &7 iknl e —
SEREE FRRAE I T EITEANE B, AU AT A IO L BE S (A4, 12E 1 4 A
PR A PR SR04 AN 1A, WSV N R TR B 3B SR AR A A A AR A
PEBERIRF S HET, MD B BN ST R AR B A F A 207, (R MD
AU TT V2T JE G i A < a8 2 W AT A BB ST AR L2, Gn: Andreas Kornherr
2EB0-S2R ) MD BT VERESE T A HUREREAE ZnO IR WA T s A5 ER A MD
BUTTEM T T COp MUFIE W 2 Ak RR 22 1t 71 £F. Fe(Q235) 3 THI MWK BHHAT Ay 5 5K ZE-F
SR MD BT T COL MURIE 2 Fh 2-3R LA FIEMERT A= W) /F Fe(N8O)
R IAT A HAT, A IS R e 4 J 3 T W BT 24 1R 93 1 30 ) S Ui 9 B TS
TR, AERACRE AR Y, P DAAS SCTT VRO S5 AT 22 Tt ) £ < s 4 1t WA
AT AR AR A — & ATk

1-(2-F2 L HE)-2-Je Bk- K bk i — 2R LU R I 2 it 7),  mT LA 25 ) HoS 6 kM 1)
JEth, R SR AL B RN A BT RN IR K IR R S R Fe 2R THI MR
BAT A, A8 SR MD BEUTTEEREST T 6 MRS FER 1) 1-(2-F8 £ 3%)-2- i -k
MRl (LR 1-1) 50+ KRGS Fe KM FAT A o 185 75 #fr &2 ol 751 5. 73+
7t Fe RN LA 4K, 50015 Fe RIANI 456 RE S0 1 B RIAL RS, 22 Rl
e BRI A SRR, ARSI N KT IECE RS, FERTg2 o518
Fe W BHAT R IO LB AT 20 B o AETHSLE5 R s e i 56 b, 4 6 Fhag i)
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SEVUEE SRR 25 AE Fe i 4704 () MD BLUIT

Sl R IR BER VP 45 R 5 S 45 AT HEAR
42 tERHE

ARFEMITHER I Accelrys 24 5] (RIF RS54 Material Studio®"!. )37 A% i
H T I MK COMPASS 33711, R Visualizer fiEIGEE Fe Sk, L2
T BRIy T, BERAALEY K MD By i MS B AF4 1) Discover 58 il AR
JE P HIR ] Andersen TH i 28 HEAT #2501, BRIy 298 K, &9 F#8H — AT,
W13 B 1 7= AE R T Maxwell-BoltzmannP I BEHL oM i Y4844 FIR Al Group Based 4

%5, FEC A HAE K H Group Based 5772, #Br1-42 R X 1.5 nm(F£ 45 %8 BE: 0.10 nm, 2%
ML 0.05 nm), AN TR KT 2 k400,

B 4-1 WARZAET D St 17E Fe(001)ZR T AT 46 P e B
(): A>T 5 (0): 92 71
Figd-1 The initial configurations of inhibitor molecule D adsorbed on Fe (001)surface in solution
(a) a single inhibitor molecule; (b) nine inhibitor molecules

GEAR 71 Fe RITANBLAE B VH SR AN ] 4-1 Fros . e Fe FAATRI(001) it 1T
WP TR, R MR RAR R KN K 3.1530 nm X 3.1530 nm X 1.5765 nm, JEREA 12 2L
T 1452 4> Fe Ji 7, BERIERER “W4E” Fe BHAR TP IR T 250 22K,
BIFI T Amorphous Cell BEHRAIEE5E M, —IRAE 1000 A H,0 73 1H1 1 NGl 5y 1
AR CEEN 1.0 glem® , 55—J2 A5 1000 4~ Ho0 43 TR 9 AR > T (K4 R

CEPRELIH 0.96 glem®) Po g 1 R/K A R K AR 1L Amorphous Cell fbeszE, 1L
W 500 NKTT CEEER 1.0 glem® , BRI “URgE” 2 BT MR T4 s, il
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B “ TG, v BAm s b ] 2 210 b

S ALY Fe SRR AT A BB E I8 1L Discover BEE AR ) NVT R EZESEHL. %) T
Kl 4-1(a) R &R, BT K 500 ps, *BKN 1.0 fs, & 1000 254 1 i, @ Hrik R
TS R e B I (R AL i 2R T . 300 ps Ji5, il IR ENTE 298 £ 10 K YulH N, A i 722
15 0.5% /A7, RUER CIL BV, Hok$E s 100 ps HEATIURE11Y, SKIG&SENSE
VPBME. T T B 4-10) R R, TR FIEEAH AR, AR R IA B P BT
AR, DR SEIE BB AEL IS [T 1000 ps, Kk 1.0 fs, &F 1000 B4 1 i, [RIFES:
il R e S B IR () A h 2 T A0 v L £ )5 100 ps BEATHUREPYY, SkRIG &S ERGH-F
PAEIO Gy AT A, 5 Tl DR IR TR 243 A 2 R B 5 <6 o 2 THI PO ELAE FH b ] £ 31
MR 2518

4.3 FRTe

43 K 1 ST PN R 7 7 Fe RIHII AT Ay, RS RSl AE Fe
R INAT Ry, IEXS 6 FhGeihsfl 7 1 I S vV REREAT AR DAY

El4-2 S 5 1E FeR TR B P P4 i 2 ]

Fig4-2 The equilibrium configurations of a single molecule adsorbed on Fe surface
4.3.1 LEim7 9 FAEFedR E AT &R MR
Bl4-2 4 AR 4 T OFN A A 43 1 A~FLEFe R THI ¥ 1 W B A 78 o MBI PRI LU
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SR e oy 1A Fe R K470 (1) MD BHUHEIT

LI (HLE4-10 ATERE, V-7 22 ol 73 1 A WK WA U] i) -4 708 B fE F e 1
B, AR KRR RS iR A I L R BUAT IR R IRl B 5 QB A A 1 2 il
70§ AEF I A A WY, 5028 < e A T PR R 20 AT R S TR R, B i s v et S 1
HEALRE, ISR IR s SR TR S A <o i 2R 10 T st K PE B ORGP L, FELAS S
b o 1) < B AR T (R A S BRI Tk (4 Y

KA-1 BRI T A~FREBR T AR A (8) RFA(0) BER(d) BB RE(Eaosorption) FI AL BE
(Esolvent) E‘Jgﬁﬁ‘qzﬁj{ﬁ
Table4-1 Statistic average value of orientation angle (f), adsorption angle (8), distances(d),
adsorption energy (Eagsorption)and solvation energy (Esqvent) ON iron surface for A~F imidazoline

molecules
mms T WA BN B U AL RE
BIC°) 0/(°) d/nm Eagsorpiion/(kJ*mol™")  Egvent/(kJ*mol ™)
A 1125 2996 0295 306.51 120.87
B 1059 3424  0.299 315.12 137.56
C 1427 3771 0297 318.25 152.90
D 11.09 3996  0.289 322.23 175.13
E 1275 4261 0294 326.77 198.75
F 1419 4592 0288 328.52 211.24

Rd-125 0 T SRR KR (IR0 A1 (B) IR MR 50 B F e THT 11 BE 125 (d) M o B 1K
FEFeR I _E (B A (O) I GE Tt T 0 fE . MR A el . 6 SR 5 531 R SR 17 £
MGt RME N T14.27°, RHIRMEA BAT-PATI N I, X 5P K5 NIRRT
g E 5, FERKMEIR EEAN@), N)FIC®) =AN R NEPEAL s, Ak e
PRUAIEALP-A TR e I PRI ) A2 AW BT, 33 BRI A S B mT 32 K 7 I AR (RO PR AEFedfe
I Fs BRMERR GO S Fe R (1 B 1 () 2 AN K, SR80 Ut W K R A ] S W Y £E Fe
Rl by BeHAEE S FeRIMTBRe—5E WP A1, I HLBELe AL BE I IR B 34K, &
e S BEAT 18] 1) B AR KR S, TR AR 1 e A i 5 < R 1T IR AEVE A R A
ARG 1] B Jm AR T BRI R e (AR RIS AT T, RIMERRI ) £ S IR B £y
(IGE-T AR, HEAS RT3 701 TSP A7 W B e Fee Tl B2, TRIvA B 1) 28 ok
A7 HEAFA N AR B 22 5, 31X T SE SW KAFAE IS o

5KGr AL, SRR o 51K S B HAT SR S B - 2 ) 201 (R Sk i m) A
BRI T R E W N AE S R i by el TRede s 2K o AR 52, AE7K A
N et KA A, IF HBASKE R B K A g R 245 S5 A E R M i e
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HEALG, 7K F LG A 2 W AR 42 JB 2T b, IR 43 S M G2 ) o3 - e K B 1) 43 )
RIWLE, bR KEESE Fe RIMERM— e WM M. Bk, M TFRESZMET, #
WP G253 (PR B T A T W] AR A, T R B TS 28 11 A A 14 5% i 2 Tk ) 4
T H&REMN LG T ARG AR .
432 ZMFIHFE Fe TEBHEEEH

WA N, B0l 5rF A~F 1 Fe RIH M PAR A BUAE AW R IR 22 5, hidE—
R ik 55 Fe M AH TAE T, VF 5T A~F 4> F7F Fe(001)3 [ (1M 4 BE(Eadsorption) o
W B f T DA S R I ) 3 5 4 e R T R 45 A s R, UEEDBROR, W) 431 IR IR B R AR
SRR Bk VE RE R R AT o SRR 9> T 4F Fe RIMETAE i AR THE A3 O

E )-E

adsorption
Horp, Erat RO T IN @ RR AR RTBER: Ennvior@ 22 M5 70 T HIBER;  Ererinhibitor
SR 22 TR 431 R SR AR TR AR (Y B B A 47 B8 Dy kTemol

OS2 1t 1) 73§ AEFe R THI W I RE WLAR4-1. R AT UG Y BERE RIS 39 n - 22
TR 7 RIS B REIZ TR, RG] o)1 S Fe R If 2 18] 1 25 5 ASUE , 2R gl
B, XSRS A (-1 AW . K4y T {EFe R 10 1 B AE 124 23.40
kJemol™, A~F4y T1EFeZ I i AE I WA 2 KF7K 40 7100, eG4 ) 9 7k
o0 ¥ TR B A< e R I o (HAT LIRS A N, AERZERR T, IR REACRIRE T 22l 7
T HFeRMMA A, MAERBA RS, ERIIAAAE 2 RS 7 IR E S,
SRR 1 e AR AR AR A A AR A

S 7 - AN I NG e N B o2 2 16 175 0 P i 1 e s il R o VA
TP FE Ik 585 D 1) 7315 < 10 2 8] (AT L AR Y o FEEFIAL BE (B sotvent) 72 22 I 90T
LKA AN A IR, e MRGE AR 7 5 5 KRR LA ks, ) i b 2 5t
LAY,

=(E, +E (4-1)

inhibitor Fe+inhibitor

E

solvent

:w

inhibitor

+ Ewater)_ E

inhibitor + water

(4-2)
X E, e B 7 KA R K BER ;s Einnivior 72 22170 T 1 BE R
E pivitorswater 22— IG5 FAE I R AR R IR I S PAAL Y kTemol ' 6 i
A FAER TR A BE M B LR 4-1, 3R 4-1 s T LA BE e IR A5 11
BEINE AL BE R ZERHE AL B R, IX U e S B R, G2 ) 701 L5 i ) K R A
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Figd-3 The equilibrium configurations of inhibitor membranes adsorbed on Fe surface
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AT A BELA IS b JBORE 1 7 <e SR AR TR T, DAL, BEGE RERE I IS N, G2 iRl B ) 20
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], VLT AR TC R S TR K S T IR BEREEE Fe I i BE 1 43 A7 (&
4-4 Fhzn ). NI 4-4 spal A s S INZEibsiI AT e, JI/ERE Fe K0 0.26 nm (15 BEAL H
PR 9> T BRI IR 20— N 5 BE NSRRI AR B, SN2 b i Fr) 80 L e
EYLZI/N, N 6.14 NEEZE 2.07, W FIGEGRI 01 (WK ERAIR B T HLAEAE wi/E Fe 2R 1
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[ BIRT RGN, R i TR ICHEKES 0.411~1.740 nm [X [a] 4 FRIK G 25 42 )
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Fig4-4 The number density profile of water on metal surfaces
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FRE BHNRANFEZMFIREAPA BITAH
5.1 5315

FEARZS I MR B s b s ATHLGE R DLEAT AR SR m AR 25
W) Iz R, JFEE SOOI S . KM WL W B R SR ), EAE R
PR B I 2 P B ORI, A2 I BEL AR JE b 5 1) < R T 1097 R, 00 < e JE ek (1 8 7
R, WIS B 4 S Tl H 101 e JE B IR % DR R v (R B ks, Ut
W SR R IR 22 )8 b o 1) BELAHVE e, SRV PEREm ARG Doz SRt PE ez . [N
VL AR G TG R I S Tk A R (K03 AT O SRR TT REGE I LER I TR B o Ay
PLEE ) 731 HAT B EE A BB 4R 2 R .

HAT, B2 BRI R BR A, SEIRAE ST I AN RE A0 SRR TN I8 Ta) RORE RL 7 (13
SY LR BEE T EAUEAE AT 15 R AT S BIR 58 3%, 73 180 77 %4 (Molecular
Dynamics, MD)&AU5 7% C SOOI HOEFE K — Bl T B 205 0n] DUERER B 2044
AN ] (SRR, FR NN 8] RO AR 1 IS &3 U T 0, AWEEy AT
(IR RS AR, BT 4 ER S 1A BRARRE S0 45 0 T 4 1H07 %%, amdpok, [
WAMIFR N BRI MD 7 64 U SO LA T T 2 7 I e, HRH
MD J5 I A JFORET AR SR R (R B T D RaE b
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Figh-1 The structural diagram of 4 corrosion particle
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Figh-2 The structure of inhibitor membranes with a particle
(A): H,0; (B): H;0; (C): HS; (D): CI
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Fig5-3 Temperature fluctuation curve (A) and energy fluctuation curve (B) of H,O in membrane D
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MSD = (|R (1)~ R, o)) (5-1)
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R 51 AFRFESMAIES X H0 TR HARE

Table5-1 The Diffusion coefficients of 4 particles in inhibitor membranes and water

Average Diffusion coefﬁcien‘r/(lO'gmz-s'l)
Membrane
density/(gecm™) H,0O H;0" HS” Ccr
H,0O 0.9978 2.3920*  0.8310 0.3933 0.3220
A 0.8936 0.0807 0.0033 0.0020 0.0013
B 0.9016 0.0563 0.0027 0.0017 0.0010
C 0.9047 0.0398 0.0027 0.0012 0.0005
D 0.9065 0.0375 0.0023 0.0010 0.0005
E 0.9103 0.0248 0.0022 0.0010 0.0003
F 0.9107 0.0192 0.0018 0.0009 0.0002

*: taken from reference [77]. In this reference, the experiment value of the diffusion coefficient of water is
2.34x107 cm?/s.

5.3.2 BHRIAFSE

F AR (Fractional Free Volume, fiFx FFV) TSSO a] i i 22 A B4 2 1 50
Wk, fE— R R O B S AR, S AR TR 8 e AR S AR
I 208 B AR RN BAT g (AR M, AR KL 75 7] — A 2 o a] A AN IR Y
SEEE A S o 31 V@7 B VAR 11 i SR YA AN 113 /O N U P B s A e 1 e ]
ENEEE AR Pee ¥ VA AR R PER SRESE S

TR, A 4 IR i TORL A AR SR AL B . R L7 500 ANIK AT 1 R
JEEA R (HLO+ HyO's HS'BE CID AR, KA NVT RE5, 1F 298 K #E47 2000 ps
(K093 801 7 2E AP A 22 78 433k B0 -, ik 23 A 4 B A okl 7 5Kk &b O JR T
r A2 ) 49 A e 5182, HAEA3 5] HoOL HsO'. HSTRIT CIFIVE AR 4245 il 01425,
0.1375. 0.1725+ 0.1835 nm, HH H,O. ClfiuffifE 1215 5905 45 5%10.1450 nm., 0.1810
nm AHZE 5300 1.72% 1.38%, X750 BEETHE R nT 5210 . BAIX 4 ok 4R 4>
T RAERR TR AR, TR 4 FiORE T AEAN R D R R R ) B AR (L
#*5-2).

MK 5-2 R LLE H, T AR, 4 B A SOk S ) B AR Sy
$Gili AL FFV, o >FFVy o>FFV, >FFV, IR X EZE AT A RN 587 (K7

TEREPAATHYIC R, BB G fE PRI, AR I B AR R, D B
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Table5-2 FFV of particles in inhibitor membranes

FFVI%
Membrane  Average density/(gecm™)

H,0 H;0" HS Cr
A 0.8936 9.35 10.17 5.47 5.24
B 0.9016 8.16 9.31 5.15 4.90
C 0.9047 7.63 9.04 4.46 4.14
D 0.9065 7.48 8.89 4.06 3.61
E 0.9103 6.98 8.66 3.81 3.56
F 0.9107 6.54 8.41 3.65 3.48

T FRFRL T EATIAEAS [ AR 1 AR RR 0 500 B e A (1 18 o i 3%
Wi/ e A Js AT g BRI N, BEAN S i, AL R IR AR
TREAE LRI, IR 2 BV 2 I FLIA 458, LI S5 R AR L iR AR A
b AR iz sh 2= a), Pril B AR A08OK . BEBEHEEE R 13N, Bk aEA
AL, TR RN, AR o ok AN i, B ABE e B (1 ,
F I ARAR > BOZ B SR RN 8 vl JORE 137 RIS R BE T e o, SRR (1 2
Tt R
53.3 BT REEMFIERER

AN A JHORE AR RO, IR SRL T 2 TRl A AEAN AR R, A AT A A AR
REF 108 BUT A AR KIS0 . R 55 IR AH B AR R B8 B, T LA 1Y,

int
Ejp = E film—particle — E film — E particle (5-3)
KA, £, SRR, £, RAART IR R 1 e
E, o AR T AL

B 5-5 2 4 PioRE 755 G2 oIS (AR A RERE RE L BE AL R R k. NI 5-5
RTUUE 3 R B BH B 5 2 v i (A ELAR 9 S K HaO 4o 1 5 S AR LA ] i
J&o XA AT NN ? RL-y 5 5 1] (R A LA P 2 S8 2B A I Aa 48 S 4 Y b IR
B
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Figs-5 The relationship between interaction energy and chain length
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Table5-3 The interaction energy between particles and membranes(kJsmol™)

Etotal
Particle Eioal
Evdw Ecoulomb
H,O -63.48 -2.05 -61.43
H;0" -758.63 31.85 -790.48
HS -849.71 48.11 -897.82
Cr -872.95 43.31 -916.26

R 5-3 45T 4 PR A UK 1 G IR 2 ) AT EL A E DL 25 A8t o0 1)
WAE (LVBER 15 (2 Frd s IR 1D o 23 BT P RR E R S RE R A LA n] DLW fg
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LG L AN T 0, ORI 2> 1, Bt AT HibE . KO AR 5 R AT Ao
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FURSE A1 F 98 LE HoO 733 5 i A4 FH s R I 2

M 5-5 HRa R, BEREREEEIC AN, BT 5 G2 R AT LA Y REX B T
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