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Abstract

Employing ub3lyp/6-311+(3df, 2p) method in gaussian 09 Software, first do
research on zinc electrodeposition in KCI solution. The result has shown that
at the electrode surface when electrodepositing, the HOMO of Zn atom is
much lower for the impact of k* (the cathode adsorbs the positive ions and
repels negative ions in polarization process), also the LUMO of Zn**(ZnCl,) is
much lower for the impact of k*, and this makes Zn** is easier to get elec-
trons. So KCl can increase Zn**(ZnCl,) electrodepositing speed. When the
distance from k* to Zn ** is at the range of 3.5 - 4.5 angstrom, the value of
LUMO(Zn**)-HOMO(Zn) (Zn** and Zn at the same location) is the highest,
and is much higher than the value of LUMO(Zn**)-HOMO(Zn) without KCl
in water solution. And this makes Zn atoms more stable and moving freely on
the electrode surface, making electroplating layer more smooth and flat.
When the electroplating additive O-Chlorobenzaldehyde is absorbed on Zn
atoms, accumulating within 3 - 5 angstrom from electroplating surface, the
energy of the system formed by Zn and O-Chlorobenzaldehyde decreases, the
HOMO of Zn atom and the LUMO of Zn** also decrease. The HOMO of Zn
atom decreases more, the value of LUMO(Zn?*")-HOMO(Zn) (Zn* and Zn at
the same location) is higher than the value of LUMO(Zn?**)-HOMO(Zn) with-
out O-Chlorobenzaldehyde. This makes the Zn atoms more stable and move
freely on the electrode surface, and helps to form a smooth and flat electroplat-
ing surface. However, if o-chlorobenzaldehyde is directly adsorbed on the elec-
trode surface, it means o-chlorobenzaldehyde and Zn on the same surface, the
HOMO energy of the nearby Zn atom may be decreased, or may be increased;
that is, it is possible for o-chlorobenzaldehyde to stabilize or destabilize the Zn
atoms. Therefore, the direct adsorption of o-chlorobenzaldehyde on the elec-
trode is not as effective as the enrichment in the range of 3 - 5 angstroms
from the electrode surface. The stabilizing effect on Zn atom is by the whole
O-chlorobenzaldehyde molecule. A large number of electroplating additives
contain O and N, which may be related to their stabilizing effect on the atoms
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formed by electrodeposition. The KCl and electroplating additives are sub-
stances other than Reactants and products in chemical reaction, their action
principle is that intermolecular force by KCl and electroplating additives can
affect the HOMO and LUMO of reactants and products, so can affect electron
transfer rate and process. This principal is similar to catalysts, so can be ap-
plied to select catalysts of chemical reaction. Some molecules may increase
the HOMO energy of the molecular which gets electron and reduce the
LUMO energy of the molecular which give electron. Such molecules can in-
crease electrons transfer rate to the product orbital and speed up chemical
reaction. Such molecules have catalytic effect. Therefore, the catalysts for chem-
ical reactions can be preliminarily selected by calculating and analyzing the
catalytic properties of molecules. And the corrosion inhibitor increases the
LUMO energy of the molecular which gets electron and reduces the HOMO
energy of the molecular which give electron. Also the polarization process
when electroplating is researched. When Zn?>" approaching to the electrode
surface, Zn*" interacts with atom, atom cluster on electrode surface and inte-
racts with metal surface, the LUMO energy of Zn?* which gets electrons rises,
and the HOMO energy of atom, atom cluster on electrode surface and metal
surface which give electrons decreases, these two aspects of reason cause elec-
troplating more difficult, we must give higher voltage when electroplating.
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HLTRVEE RS 2 Tl b 2 S BRSSP 2 5 Tl i AR
WL E B AR I AR AN 2 2 Blf . TR, . S SHRmNmN—
AT SR SRR R M SRR, HAER B0
DG IN TR AR H AR AR (1] [2] o ALY BE B F IS ISR = SO R
J AR - GORHIESE(] . X THRBERINA, Bt s i — a2 AR R
g, SREGEHE-FRPEE, xHTamAE NS & RN AL R
F, WEEAR PRI IFIARSHFT, RMAIF GRS R B TR E 1
F IR R T RE Ak A FE AT FE (3] [4] 05 — S8R & PS5 T
RLUTRIBE A, X SeBE FU 48 R 2 SO0 Bl SO el — R, (£ ra il IH,
TR AT R R X B TR A (5] (6]

HLURU R AT 2 L PR b B, PRI RE S B 110 LUMO REZL
5E7 1) HOMO REZZE VARG, —Se RSN S A0, 8t 5 e S A7 Ek
FEHH] HOMO 5 LUMO R84, Wb 5 e i R AT BE 7= AE 50 . Plieth W [7]
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SR, PR I R TE 8 ) F A T S T R F R RO B SR, IR B R
TAEHRMRT H HIESS 8L, MiEsh 2L s &0 TR XM BT
B 5L T —J7 1 HOMO (F 7 S HUE, TR BeR a3z i1
— 77 LUMO (&M%, FR)BEHZEVIM G, ftH 77 HOMO H1hRE
BRFEETHCE T LUMO JUBREARER G IR, A RER A BT
B, WS NREE AL MR R IE # £ [8], Marcus [9] [10] [11] [12]
[13)5 5T 1 AE WL T Re B i T332 Fl T RE N 0L 1 R A I BESE i % 20, 48
N THETRES S TR EEHAREZ B R,

HAlE e 20 b i o 5R 7 AL i T Re e i, et
bl A v T 5 PR R T LAt 23 7 088 0 TR OB U T HOMO
REZ 5 LUMO BEZZM, thlt 2 REms LA v R i1 5 KCl 254528 58 7 KA
FEENT TR B T R IE R T HOMO R 2% 5 % LUMO REZ% 7™ A S
R REAS T 9T KCL 45 £ 28 55 1 S s IR v B TE BT e B i FE 52, A
T RERE AR A MR 78 KCL 55 5628 55 1 AN IRt 1 s i AR R 1 s i)

AN BB BER T ub3lyp/6-311+G(3df) 771, 55 7 50 7 1 FEL B A,
RS B RE R AT A [14] o BB A SV G B B T 5 R 71
HOMO & LUMO BERFTT, RCIhffRE T TR Bk & & id B A7 AE I 7
LTI [14]

AW T IE SR AEAE 2 AR Bt 70 S LA ar A Fe ikt b, s oA
WM R T 5 5 11 HOMO. LUMO Regl, HHTHTFHBH A Bt A
W KCL R A nsslel - SR X T Zn?*5 Zn JEF ) HOMO. LUMO §E
RS2, BT KCL IS INFAIAR - SR H B F U I AR v fE TR RS IR 5
PRI R AR5t SR R, AT A & M 5, B4R 3 ik KCL IE R R
ORI R B, DA B £ T RO R 5 e R R 7 S
AT P N . [RIRHEE Zn2*(ZnCL) BT B R i e, HA
£ LUMO ReZii784k, AR 51 #E AR TH 1 i H1 & 3R T HOMO REZl
ARk, X ELGURR I R R A A = 2R 1 SR R A T 7

2. ARG

KH GAUSSIAN 09 #fFit5, *FT T Eh KCLHPEM, KH ub3lyp/6-
311+G(3d) 7%, WRIAVEZATWIBEFE [14], XA S LRSS 8T . X
PP E M EIZ /T, WEH 6 > GTO Bl — MM, 4MNZh 3 4
GTO A% + 1GTO + 1GTO B —AHL-FHIE, SMIn—MRAL R E H 3df ok
EFITRECR L. RAZE T HE 75271 HOMO 5 LUMO #84t, 7R
EPGER, BTPGE R MPUEREE VAR TS T 2R T IER R, K
T T A= (HOMO)# =y, #5252 L FHUIE (LUMO) e B, T
TG RAE, HUURSOEERR . 7R AR T AT, 7o B B O
PERERS ISR /N HLI R FE 0.0001 au, GAUSSIAN 09 HL37 8 5 14 B L 52 w3
MR %, FIZF & E e AR H3% 50 B TR R I 2 . 3 )¢ Fe
TERIE, ZEERENS, HMZEEREY N1, XFETENRERERIK.

PFWwmMAAL - E KBS AR KRR zZn R THABRE, KH
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6-311++G(3df, 2p) T H HIA NG, HeBH SR B 5 SOk e 25d
TZ I R AR YL S B T I A S B E R L . 6-311++G(3df, 2p)5
ub3lyp/6-311+G(3df)s& [ — 7577, A& ME T H MTHE R R %L

GAUSSIAN 09 A HEE R IEHAE H TR 2 A0 T EAERT
B, BTG ZA 3 TAEN— A TR REATHE, SR &R 571
HOMO 5 LUMO e 51 &k &Y HOMO 5 LUMO ReZifE, [R5
THEAR R HOMO 5 LUMO 4 THUE /. e 2 A TH AR R SRECR T
SRS 0 (Zn?) 5 4 BN (Zn) It HOMO 5 LUMO REZ% 18

3. tARER
3.1. B ERRLEIEANHR

B KO MERRE Zn FFREMNTEN

MEYIRUR AR, ERERTERA RN Zn* + 2e < Zn, 1M KR FAE
HARRT . Zn? R T 5 Zn JF TR LT R AT . Zo? REUETHIGES)
5 Zn R FE AR AR 8 M2 e e TRV B I R R 3K . KPS Zn* (1 5
R HUE RE R (LUMO), MMM Zn> 3KE 7 RE 77 KM Zn Ji 1 I s
RS RE R (HOMO), sk LT RIRE ), TSN Zn S F7E R
M EN. Zn R FREAE T HAGRT, A By 8, AR THACr R,
HRERTRESIIFAC, 10 S SR BE gk, A R 1 AR I SO FE

Zn FMAFAE TR AR R + KA TR RSN
—2379.25 (hartree) . 4 3L [FAELE T HAARRNT, HAeR MW 1, 14
MiAkbRE Zn 5 KWEES. TR ZHIE MARMRES &, B2 4
BT & —MARENKER. Zn BEMAEE T HIERTIFT HOMO Re9N
—0.18490 (hartree). LUMO fEZf 0.01891 (hartree), KEEJi{E(E T HEARFEM
HOMO F{£2%-0.72589 (hartree). LUMO F£25—0.01529 (hartree). U1 Zn
5 K9 N S o1 v S AR BAE A AR RS, Gaussian09
WA, Rk, WA Zn 5 KO E—F o PR R, ei1s
A FARRMARRE T . L Zn+KOAH], tHE HF HOMO Eunl& 2, HAH
5 Zn JF ¥R, RN A RPIE I A H Zn R RUE AR, BrRAA
NitE AR HOMO fidit Zn 5 KA(KC)EAEMERJG Zn T
HOMO {84 . SZPrik &I KN KCL, W R EIZA 9 TAE R S, W R
R 3. 18 4. B 308 Zn iS5 KA(KC)IEREAY, [ 4 4 ZnCL 5
KH(KC)AFE FBRL. 4F5 Zn2*(ZnCl) 5 KA (KC)E R, HHEK R 19 LUMO
(At ERAK T HIE) 5 Zn?(ZnCL) ) LUMO {E8:1L, UG thIEAH Zn**(ZnCL)
ST, BT UATHEAR R I LUMO B PN Zn* (ZnCL) 1) LUMO {H. 1fi Zn
JEF ) LUMO B82S Zn* ) HOMO REEA IR X, HAMETRAITIE .
5~7 AEARAEA AL 3 THE MR, Hrthi 2 1K 3(a), 2K R K]
3(b), K*-Cl- 3.0~ K*-CI- 3.5 Xf B[] 3(c), K*-CI- 3.0, K*-Cl- 3.5 4 5%/~ K*-Cl-
PEES N 3.0 A1 3.5 . LU KCL 0 FEA I S TERIER FRITHE SR E
B, KCl 7> 7377 1) 5 s 07 [~ FAT (— B0 15 00 T Be B HHg A
REfEV W KCl # THKAERZMEM, THBHBEH T, KERS
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Figure 1. The energy of K* + Zn on the electrode K* surface (the mulplicity is 1)
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Figure 2. The HOMO energy of Zn atom on the electrode surface when exists (the mul-

plicity is 1)

2. B EE K EEBAT Zn JRFA HOMO &R

(a) Zn+K*

(b) Zn + 2K*

(c) Zn+ KCl

Figure 3. The computational model of Zn + K* and Zn + nKCl
3.Zn 5XEHE K'sk KCl  FERRITEIER
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(b)

(d)

Figure 4. The computational model of ZnCl + nKCl
B 4. ZnCl, 5SREI#E KCl 5 FEARITEZR
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Figure 5. The influence on HOMO (Zn) by k* at various condition (the mulplicity is 1)
5. REIERTH k'3 Zn [RF HOMO BERSZNE
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Figure 6. The influence on LUMO (Zn?*) by k* at various condition (the mulplicity is 1)
6. RREIMER TH k'3t Zn* LUMO BEREM
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Figure 7. The influence on LUMO (Zn**)-HOMO(Zn) by k* at various condition (the
mulplicity is 1)
B 7. RNEMER TH K5 LUMO (Zn*")-HOMO(Zn)sE & £2 0

2 -0.09 -
o
h=4
—~ @©
Q T
£ 0081 — = 2K
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+ O
& S -0.06
N DO
-
Q
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Figure 8. The influence on LUMO (ZnCl:) by k* at various condition (the mulplicity is 1)
8. NEMERTHI K'XF ZnCl, LUMO BERFZM

KCl 4> FE K (R R AR AL) M 3.0345 12, I HINEY, KCl o FHKEEE
BAKAL) A 3.0398 12, W] WLHIZ X T H KCL 2 T s JE A B R . BirbA
B 3.0 #25 3.5 BRAMEE, il E T HERER, 58577 WE
5 5 6 i LA H, KHE 7l Zn J5F ) HOMO REZE N R4, thAf Zn* f) LUMO
BB N FE. 76 KH-Zn(Zn*)BE RS KT 2.5 BAEHL FOMNF Zn MERR), BEE K
BRFEIT Zn(Zn?t), X Zn JR-F HOMO BEZPFER, X Zn?*LUMO REZR PRI
WK . Zn(Zn?) I K8 2, X Zn JR T HOMO BEZ &K, X Zn* LUMO
RE BRI . 6] 7 2 KA (KC) XS Ak T4 [F) 67 B ¥ Zn HOMO 5 Zn*LUMO
PRI Z, XAMEAR AT LS KEAMEEE Zn2 SREUE T, AR T Zn R
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FRaE, OGS TREZ, Mgt msePriA R Zn> B LL ZnCl,
FERAEAE, KN(KCYEEE ZnCl, 1 Zn*> ) LUMO B#fi%, Hit&gt R s.
8 WAL 4 B, [ 8 ik 2K B ] 4 #74Y (a) . 1IKCI K*-Cl- 3.0 55 1KCl
K*-Cl- 3.5 % [ 4 #71(b), 2KCl K*-ClI- 3.0 55 2KCl K*-Cl- 3.5 X 3 [5] 4 7
(©)o (DB RMMAL, Wl 2R ERKIAE . RAARSCTEITE
ZnClL fEVETR P B AR AL : Zn-Cl 84K 2.1815, Cl-Zn-Cl $# £ 169.2662. Jii
e fE, K EEARANKEZN, H Zn STEHENRTE, W ClLETY
SIEPIN FE B AR T . B SRy, iR R E S K. 1
SERREPUBLS R, ZnCl ] Zn> RELH T 5, CL Rz & g 77 4 #L,
R TRz, P DA G 5 R 00 T I RS AT 5. I ER T,
ZnCl, [f] LUMO f£4% -0.048661 (hartree), H114 8 AJ LLE i, ZnCl, 132
KCl hi, ANFEIGHL T H LUMO ReR#A AN FRERE TR, SRECETRe 13
CL

8 YLH MR TN ZnCL I, FHZBIAFEE ML T K((KChsgm f5, H
LUMO ZHMES Zn*5E4MFE, 4 ZnCl, 5 2KCl 1EH, iy jEH
HUMO R 9—0.05284 (hartree), HAGRIGNE] 4(d). WL Zn? TGk LLUEFE
e RAAE, KHKC)HEH LUMO REZ 1K

K 9 5 10 3 Zn 5 1KCL/E RIS (TS50, BRI S WL 3(c). A
9 n[LAEH, BEE CIE T KT, X Zn 5+ HOMO R PRI .
[FFEXT Zn* LUMO BEZR PR B (B X BOR A ), B KXt Zn JR 1
HOMO K Zn**[] LUMO itk KCl Mg, % Zn JiF HOMO REZs
Zn>*LUMO AEZR BRARHOK, Bl =8 Zn 5T HOMO B84 M Zn*LUMO ftZk
FRARTEZ, MMM Zn> B 25 53R T, Il Zn> 75 FAR R TR o
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= 8-0.192- —e—7n-K"2.5
g 5 -0.190- —4—ZnK"3.0
c = —v—27ZnK'3.5
g’ §§ 01881 —e—ZnK'4.0
g 2_0.186_ $| —<2ZnK'45
T O ] ——7ZnK'5.0

T -0.184 7 —e—7ZnK'5.5

0.182 -
0.180 -

. 2!0 . 2!5 I 3!0 I 3!5 . 4!0 I 415 I 5!0 I 5!5 . 6!0
K'5 Criiige (%)
distance from K* to CI' (Angstrom)

Figure 9. The HOMO energy of Zn atom on the electrode surface when 1KCl exists (the
mulplicity is 1)
B 9.Zn RT5 1KCI 53 FEMES, Zn JRF HOMO &EE
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Figure 10. The energy of Zn + 1KCl on the electrode surface (the mulplicity is 1)
[ 10. Zn BF5 IKCl 3 FERFREEE

Zn* fE R TH SR P RRUR 7, JR T IEA—E R LR 4 Ak 2,

JiR DRI TR 1) 18 350 70 45 6 AH OGSk B 3R o FRL TR B i 78 FEARGR T el
Biga), Uy EENEE NS SR . BBy sz R T A S iRk E
HL, PRI TN 5 o 5 i1, R AR e, IS 5 78 Wl SR T 1 ER
AHRTIESOGH PR R J8 7 0fE 5 E 7 HOMO Red s & 11
LUMO fe % P, JRT HOMO REZLANX T 37 LUMO AEZGHMK, U
SRR ARE, RS AR I B Ry, SR 2 Zn R HOMO
et Zn*LUMO ReZ[EIBf FEAK, W) Zn B2k &7 RiEH Lt
LUMO(Zn*")-HOMO(Zn) ) Z (K fif & . %A HAEmE, LUMO(Zn>)-
HOMO(Zn) = —0.14852 — (~0.18490) = 0.03638 (hartree), 5 6 L] WL, 7€
K*-Zn(Zn?")BEBS N 3.5~4.5 321, F[FfE LUMO(Zn?*)-HOMO(Zn){H i K,
H KT 0.03638 (hartree), WIHT KHEH, 43 Zn R FERRKTAS S
) Zn? R, SR, FITERAGR H By Bugs), HROLHE T
MRS, XA Bl 2 B VR PV . 1Y K*-Zn(Zn?)BEES /N T 3.0 12
(2 KCLRERmN), B KCl AHRT Zn 3K i1, HAFF Zn
JEFRaE, AR TR TEEZ. Y K-Zn(Zo?) g KR, itz
KCl IR BERAEES, WA Re ik B RCR .

3.2. ARARHIETEEASEENHAR

RYE 3.1 5T, Zn?* ) LUMO REZL L ZnCL, ) LUMO RERAR %, Al
IS Cl B HF AR T Kz, &2 CUBE BRI Zn2Htiiz, Zn* )
LUMO Re B2 AR, SRELHBFREII5R, Ao FEUURB RS, WM
Ao RERA A .

HPTRE FE, BR TS F BT AR TSN, Zn2hd 5 R . Ak
T T M NG e B 8RS Zn> 5 AN Fe 584 Zn JEF/E R IE DL -

DOI: 10.4236/0alib.1109762

9 Open Access Library Journal


https://doi.org/10.4236/oalib.1109762

Z. L. Chen

-0.16

-0.14

-0.12 1

-0.10

-0.08

2
-0.06 —e—-4Zn-ZnCl,

LUMO Energy(Hartree)
LUMOGE & (Hartree)

-0.04 - = S e
0.04 — -

002+——r+
20 25 30

3?5 4.0 4.5 I 5?0 l 515 l 610 l 615
Zn*-Zn(Fe)BE RS (1£)
an’-Zn(Fe)distance (Angstrom)
Figure 11. The LUMO energy of Zn** affected by Zn, Fe and 4Zn on electrode surface
when Zn?* approaching the electrode (the mulplicity of Fe is 5, the other is 1)

[ 11. Zn* R BB ARIT IR (R T F2) R B AR SR E Zn. Fe & 4Zn B LUMO BER T L

-0.26

—=—7Zn-Zn*
-0.24 - —e— Fe-Zn*
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-0.20
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Figure 12. The HOMO energy change when Zn*" approaching the electrode (the mul-
plicity of Fe is 5, the other is 1)

12. Zn* HER FARS FE (R L 12 72) F H HOMO BERZEIL

w11 A 12 R ZR Zn-Zn* 5 Fe-Zn*, FLVEH, X4 Zn*5 Zn BT
ik, 22 %8 Zo>*LUMO BeZE =, 1M Zn ] HOMO BeZk F#AIK, 1X P77 THI 1)
JR A2 33 Zn> SRR T SR A, DA B S, S T —
77 (X B Zn JR1) ) HOMO HLFReZ, A Refl Zn> KEH . [FFE, 24
AN Zn* Y Fe #21, Zn*LUMO fgZidfiE, 1fi Fe ) HOMO REZLIRK, &
I TR

MRHESCHR (1410198, 4 A Zn JRFREWETE RS E 1%, %1% 1) HOMO fE
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Z4°8-0.15341 hartree, 4iZ%5 Zn* iR, BHTRELEMWE 11 HE 12
H1 (1) 4Zn—2Zn?> 4k (4Zn G54% 5 84 Zn?1EF) A 4Zn—ZnCL, 1145 (4Zn 454
5 znCLAEA) . 7T W 4Zn Z54% 1) HOMO HLFREZ HLBAAS Zn I8, & G 8E
T, AR AR TE T8 . 4Zn—2Zn 2R HOMO fEZL %R/ T-0.16
hartree, ] )i, Zn?*f# 4Zn 1] HOMO e %A%, 1T Zn?* (¥ LUMO feZid @&
WX, 1K E R Zn> SR 75w, S s R, A
REfH Zn> iR Zn 5. EZ 0 FHRRIMES, MBERESEREE, /1
FHELIAIPE 55 DUIAN 20 F o, A 2R #a R0 EN £, RiEX
FAA SO BRI T8 3 i AH R ZEDAR R S BT A LR, wiasfs
HAH R 4G i

R 11 5K 12, 14 Zn 5 Fe JR T REE 5 Zo>FH 1021, Zn 5% Fe
) HOMO #eZ5 Zn* 1] LUMO Re B IE B8R, 5 4Zn ZAERII, 4Zn
%11 HOMO R4 f2 Zn NI B PR 25 A8 A AR ST 2%

RS R 4 R 2 HE LT, RS Rk, B RENESEE T
M. XFhKESERTHE, Gaussian09 JHH LA ME, H AT Zn*LUMO fE
LI, VLA S HOMO REZLSZ B MM AR THE . (HIRATARYE 4
A Zn WS AZn) LA Zn SR TESRZIAIIEBL, T A E T, &)
Weffl Zn>*LUMO Red 58 RFRBERG =y, S8 INSRICE 7 000 B2, X2 i
TR = A R JE R st R IR T Zn> St 7R T RGBT
EM, ST T7 Zo* e Ttm, KBTI FRRAMFIC, 5B HE TN
W, =AM ER .

11 5 12 -8, #RAE S0, BTrRMN IR FIE8)
P2, FEA—EMEEE. EYE 0y R RmRILA, X Cl
He R ER A, AAGAE FH ROBLEIRE 5 ) Zo2AE FINLHIRAL, ki
TR R, Zn> 54 s 05 I FE A EAE PR ZY, T R A AL T A
M, PPAEMAMAER . RAFEHRE, SRR R A, A RERAE
HTHR. BTl 11 5B 12 Raaamihis, 7E580r iR a5 s priE
DURTREA BT 22, SEbRiEOLRZ 2 f A BRI S a2y, PR A .

3.3. EIREERMFATRERBRAAR

K H ub3lyp/6-311++g(3df, 2p) scrf = (solvent = water) pop = regular opt I
AL, THEHELR) C-O BN 1.43, MAMK C-O0 KN 1.37, iHHEHR
M O R 258 EM .. tHEHZRE) C-C ##4 1.39~1.40, C-H
KN 1.08~1.09, 5ICHME R WAV EEEAFEIT[15]. WAEEE
e, IAGSE AR - SR S KA L 5 A HL I s BB AR [15], 3
I 7V RE W L BRI N A WAL S48 - SUR RS T IF S . X Zn
JRF RV, SCR[14] DRI 5 SRIRE T S8 BRI, EHXok i E RN
field = z-1, fUAL4E - SURHEESE K, MBEHAAMIRRPIMERL L, WY
51 13 08, 46 - SR HREEEARLE x-y M-, 5H577mEE. KK Zn
SR BT AR RARGLE, 1HE Zn BT S ALE RSO, H HOMO
REZL 2 B AR - SURH BRI . TSR, Zn JEF0T-48 - SR B i
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KA, RIEA B E (Y Zn SEER—MIED, X C-Cl AN
Wi, SXFPSZMAOAH 2T C-CLA SN T2 5 iy, X B2 IX P,

AN——FI &I ERA R AL - SURFRERIALE . AR 5 T B BT 81 T S o
i, RAIH Zn JEFAEAAAR R IIALE, 4 - SURR R AL B AR 7 1 30 .
T Zn JR P FARFEALE R Zn () HOMO fEZ%. Zn* ] LUMO fgZ P I 5
A - SURFRAE AR RIS REEAE, W40 - SCRFEEX T Zn [ HOMO g
¢ Zn*1) LUMO AR, LLABE Zn 5 Zn* A Bk, AR E N
fE0L. AR, Zn JRFAATREAEAS - SURHRER I, 17 A RRAE AR R T, 2F5
KRR BRI T b B B R AR - UK IS X Le 77 . T Zn?*

Figure 13. The computational model at different locations between O-Chlorobenzaldehyde
and Zn atom (The Zn is located in the upper part of O-chlorobenzaldehyde in this fig, but
it is located below O-chlorobenzaldehyde in the calculated system)

13. AMFIRES Zn FEFHNEXRREEEn L TRmMAIRE, HEER Zn
TR TER)

Table 1. The location of O-chlorobenzaldehyde in the calculated system (Angstrom)
# 1 WEERBD - RXREEGR)

1C 2C 3C 4C 5C 6C 7C

x  —0.19421 0.00254 1.27959 2.38157 2.21356  0.93647 -1.53606
y 0.63409 -0.75304 -1.29674  -0.45156  0.93161  1.46144 1.25157

z 0.00125  0.00031 —-0.00087  —0.00083  0.00025 0.0012  0.00253

8Cl 9H 10H 11H 12H 130 14H

X -1.349 1.40736 3.3749 3.07459 0.77891 -1.72709 -2.3868
y -1.8644 -2.36923 -0.87918 1.58484 2.53108  2.45093 0.55561

z  —0.00028 -0.00134 -0.00117 0.001 0.00274 -0.00357 0.00909
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Figure 14. The energy value of the system that O-chlorobenzaldehyde formed with Zn (Z
= 3.5 and at various location)

14, HHFRZ =35, Zn EFRMESS - SXFE(LEREE) R FREEE

-2584.6842 -
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[OEN]
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Figure 15. The energy value of the system that O-chlorobenzaldehyde formed with Zn (Z

= 5 and at various location)

15. HAFRZ =5, Zn EFEMLESS - SXRBLEEE) MR FREEE

WIATREAEAE T &AL, (AAERL B8 AR R T RS B, Zn> AAERES BZ A& ZnCl.
THE R, Zn () HOMO R84 Zn>*ff] LUMO REZLAEVN N IE 5 7 ] B A%
AHZE, B0 Zn 8% Zn> HIAL B AR BR RN 3.5 8-3.5, Zn [f] HOMO f£4%. Zn* )
LUMO REFAMSE . LRSS, BET AT REAAAE T 50, 1,
—3.5) (WG X FAEN, IR VEAN TR I A s dE . 48 - &R R
B AF (E I fE B —805.322935885 (hartree) , Zn JE 7 B AF 7E I BE &
—1779.35951185 (hartree), 7% fl1-2584.68244 (hartree), 5[5 14 |4 15 LA,
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ALY Z =3580Z =5 (Sl - SURHRER T ELEE BRI, B RUA R 1) 5E
A [ -2584.68244 (hartree) 5 11, £ K2 T REWE R T 5 U8 )
A LA ke e (R B A 2%

PSR AP 13 TR, EbAE Zn BY Zn2t. AR - SR HEE K AA & I HOMO
5 LUMO i, LLRrH HOMO 5 LUMO HIBUEALR, A 1E0E Zn-Ik 52K
FRS R R 1) HOMO {E /2 Zn J& 7 1) HOMO 18, 1M Zn>-IIfi & F S A R 1k
A LUMO 8, M & Zn*> ) LUMO {H . i+ 541 - & H ) HOMO 5 LUMO
B A SR S RA TR IR T ROV -5 A A HOMO {i 2 LUMO
R, BEI T RS PR AR 3 T IS A A R e X B R VAR R
JE Zn* +2e & Zn, 4B - FURHEIEIL 0 Zn R HOMO {H, 20 Zn*' )
LUMO f, MTfisgm e Bt f2 7 1 H, 2 Zn 5178 HARER TH 1A
e

16+ ¥ 17 24 Zn S-S0 FEEEE EAHRE 3.5 2R, 5 &R& 1) HOMO
BB . MTCUNINFIAR - SR H BEAFAERT, SR A7 5T E ) Zn JiF HOMO
AEZ N—0.18490 (hartree). 54 16 Al 17 Hik, nILLE 4R ZHIEDL R,
ININFIAE - SR IR e BRI AR TR ) Zn JEF 1) HOMO fH. K 16
ATLAEH, 4 Zn R T T4 - SURHEE i, A8 A2k, f Zn 57
HOMO R~ E R ZE R . AT ILAL - SR FH I 04 & AN 0 17 AR AR
Mo 4 Zn R FATAS - MR RELZE, RPN RN, RE
16 A 17, A8 - SOKHEEAERE S Zn JRF 3.5 ¥(z = 3.5, K 16)HW T, 5t
Zn J5F HOMO {HFFIREER, HEWREK. MEESEmE = 5, K
17), * Zn i HOMO {8 FEARFE RN, R FRARAE P BN o

Kl 18 514 19 22 Zn* Siln - SR H R EAHER 3.5 2.5 3R ) LUMO
BESl. MTEIIMFIAE - &K A REAEAER, RAA SO AR Zn> LUMO ¢
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Figure 16. The HOMO energy value of Zn atom (Z = 3.5 and at various location) influ-

enced by O-chlorobenzaldehyde
16. HAFRZ =35, Zn RFLTARRMFIGIERHE HOMO BERE
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Figure 17. The HOMO energy value of Zn atom (Z = 5 and at various location) influ-
enced by O-chlorobenzaldehyde
17. ZHHFRZ =5, Zn RFLTAERMALERH HOMO BER(E

3 -0.1504 - —=—x=-4

T .0.1502 s x=3

r 1 —hA— =2
o 5 01500 —v—x=-1
£ S -0.14908 1 - x=0
c 2 4 —a—x=1
lﬁ g -0.1496 - —p—x=2
B B -0.1494 - —*—x=3
T 0.1492 -

> -0, -
N D ]
Q 2 01490
52 1
2 & -0.1488 -

u 4
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E 4

3 -0.1484 T ’ T v T ” T v T 1
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Zn* 4% IR EE F BEY fh A bR AL B /1%
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Figure 18. The LUMO energy value of Zn** (Z = 3.5 and at various location) influenced
by O-chlorobenzaldehyde
[ 18. BREE Zn” 540 - RXPEL T AEHEMLER(Z = 3.5), Zn” 8 LUMO &

244 0.14852 (hartree). 5 18 FIE 19 Euig, A WL KRZHE I FAF - & H
WEfd Zn2* (1) LUMO Rt PR, SRECE TR 7 1Y 98

RAEE 16~19, FTLLE Y Zn JRT M Zn 548 - SR H RS Ab T AN [RIAH
fi#E, Zn R HAARFE HOMO {8, 1M Zn?* AHA[F LUMO {f. Zn. Zn®*
540 - SURH I S RENMFIZE, B AR O B AEARW A1, el Zn
J7-F) HOMO {55 Zn*ff] LUMO {H & & 7E AW 1k

i - SRR Zn 19 HOMO, Zn>ff] LUMO, WS s sk b A%
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Figure 19. The Zn?*[f) LUMO energy value of Zn**(Zn) (Z = 5 and at various location)
influenced by O-chlorobenzaldehyde

19. BARFRE Zn 5% 2n* 546 - RERBEFEEIMIBER(Z=5), Zn®'# LUMO &

Zn J5F HOMO RE AR TR, W Zn R FAK G R EBT, Bk,
AR TAERMERT B B8, RO FENEE. BHE—ME Zn JFFH
HOMO ff, JZF—hLE B #N Zn? 5 Zn> i LUMO, FREUKZ X E
AAFRIERE, 73] 20 51 21 HAAEEAR - SR RS, Zn(HOMO)-Zn?* (LUMO)
{E5-0.363 hartree Z£4, 5K 20 & 21 tbE, aTULEH, 24 Zn M Zn> 540
- G T T 2 ELAHEE 3.5~5 ¥ (SCPRVG %), Zn(HOMO)-Zn?(LUMO)
LAWK, A - SRR A EHE zn JEF IR E, A RTHAEREEER
I H Y8, BRI FEEE .

R 20 & & 21, W Zn(Zn?*) Hin-FATBEEEMB Z=355 Z =
5 5L, FATTRT LUK I, Zn(Zn?*) 55 - 50K FH I 22 BUA PR RAZE , Zn /) HOMO
5 zn* ) LUMO ZA R WA HIE . 2 Z FifE S KB Z = 5 EF, =31
ZEHT 0,037, RPN B2, FESANIE, 240 - SR FREE 5
HIAR R T 3~5 SRYGH P E 2, 48 - SR H B Zn J5F HOMO ReZi FEMK, Zn2
fl) LUMO e W%, {2 Zn J5 7 HOMO AR FRRFEREE K, It zn JR T
AEGRERT, BiE, AT HAERNRN ARy 8, ABoa 75
MR, fEiF Zn JEFIERRERI A Y8, RotE-FEmERmN, Hits
Zn JE TR R PRARIIAR R o IR NZHR IS ISR - SR R VR L.

AL - SR PR TR AR, 5 Zn A1 Zn? i Ab— AN, X 1)
RER M Zn JR-F HOMO feAtbnie 220 & 23. M 22 5 23 i LLE H,
U SRAR - GUR FH ER BE ARR THD, JUIJCT 55 1 Zn JR 1A R RE AR AR 1
AR, WAETRE Zn JEFEMATRE, BoKERT: BRI R
Fh, AfRE. Brbh, WOHTEMGRTI RIAR - SURHEE, HAE Ry B I 2
R A B . SePR TR FE T, IXFPE L WiRG Zn? A BARR T
BRI Zn 78 AR T L XTRBOGH- PRI A E, RIm2 2440 - K TR
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Figure 20. The Zn**(LUMO)-Zn(HOMO) energy value of Zn?*(Zn) (Z = 3.5 and at vari-

ous location) influenced by O-chlorobenzaldehyde
[l 20. FRARARME Zn 3 Zn* 548 - |FFREAREER LB (Z = 3.5), Zn”" ) LUMO-Zn
(HOMO){&
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Figure 21. The (LUMO)-Zn(HOMO)energy value of Zn**(Zn) (Z = 5 and at various lo-

cation)influenced by O-chlorobenzaldehyde
21. AR Zn 3 Zn* 540 - SARFBR R ER(Z = 5), (LUMO)-Zn(HOMO)
&

PR R 3~5 VT AR - SURTRE, A BT Zn JRTHREEN
TER, RORFLAE.
RHEIFRRAR - AR TAT SR TR SO, fEsKbrg
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Figure 22. The energy value of the system that O-chlorobenzaldehyde formed with Zn (Z
= 0 and at various location)
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Figure 23. The HOMO energy value of Zn atom (Z = 0 and at various location) influ-
enced by O-chlorobenzaldehyde
23. HUFRZ=0, Zn LTFARRMFAMERE HOMO BERIE

PO AR, 48 - SR H BT AE 5 MR A E — A SR TR

HAWREATRAOGE A Zn 5T, MRZA Zn 51, ZFEHEILTHE
e 2, IHEEWBIRR, —— SRR L 2. (TRERLTE
H—8gie: 40 - SUKHEEE S Zn 3.5~5 G N, {§ Zn 7 HOMO fE4
MG, Zn*LUMO e f#MiC. {5 Zn HOMO ReIFICE 2, A AT HAL AR

DOI: 10.4236/0alib.1109762

18 Open Access Library Journal


https://doi.org/10.4236/oalib.1109762

Z. L. Chen

RIMFEAAE, MIMAERRR B h Hoazh, BRotHE T EBIEE.

FEHBEAN I, RS A O JR 15 N AT, Kt O 5 N 7ERKJA
¥ HOMO R4 U5 1, F]REZ e BIEAMR 2 (MR o U RERATT 420 - SR
Werfify O JEF, WX Zn (¥ HOMO REZR PRSI B 22 KR L FEAIC, 44
AMREE S TR, ZXEREA—— AR H .

3.4. g
3.4.1.HOMO 5 LUMO #R R T

X BARYE )57 1) HOMO Regift 7t )5l FA2 e ok, MARYE LUMO Rediift 7t
BT ARECR TR T, ARAE RE R A ISR DR A TR E . NS RE,
TR FEAMEEE, AN E AR, 5 WA AR R R A A 4k,
. HOMO RS LUMO REZBTE—@Vu k. FULRIE-FRE T
HOMO REZHUK, WATAEFEE— € HOMO REZH R M LRIRES, HIA7EAE
—EJLRMBERKIT . R s E i rHRERRE L, — SRR E S
H HOMO #egiigm, BIvTRe 5. 1HE K HOMO By,
LUMO e BAR, HEEKE HOMO REZUEEIE LUMO RER I LRTE R, K
AT LR R, B RERE BRI, BT H I HEF & LUMO $iE
MREE, EAMBFEBEEREEGNBEFEHE, AEREEE LUMO, [[F
IR s B4 B N S5 B AU AH BRI 3 R .

M HOMO-LUMO [i] L FERIE T VEANTF, SAEIR L HEAR Marcus [9] [10]
[11] [12] [1IB]HFHEBIHIL . —NoFild 5+ EER IR, X5 —aF
) HOMO 5 LUMO fegtr= s, s —4r 1 HOMO fediim T 5 —5r
T LUMO Reglt, B T AR S i) s PuE %2 oh, ] Lodid 7 [ AH
HALE AR, (E—/F HOMO B 5 5 —4rF LUMO ReZiAiSs, KEH
FREERER, XMEN HOMO BeZLm th 7 — 40 T 1 LUMO el o i 4k
N T IAE B RE.

3.4.2. In>* EBIRRE IR ENE T

ZnCl, W MHE AR R, Zn®> Al BESESRIGE 70 gy,  AITTRAE CLE T
WK [7] ZnCLH CUBTF, 4§15 ZnClL 3R TR /18R Zn> 3k
TR 7. HEi2dl, ZnClL3RHH FREIAGE, FH LUMO fHim, (H
Zn* ) LUMO HZVEAE, FRECEFREJJ58, M0 E Zn JE-F HOMO Re4RfIK, Fa
SENELF, 2GRN ZnCl, HEARHBALEUIC, 7EPE)E & S 5B I 2 TR
i

AW TR T 5r 1 B A 1 (A B S/ E A X -3 HOMO
5 LUMO B iysenm, kit s HRE i 1 Re U i Aeth, et i
FEZ BN o FEARAPRHE & B 0 #7452 mi,  AHIE SN X M2,
FER IR kSEE TR R 1Al e BA — 8, st il _MmEm, Frbhz
WX AP, TS SR AT LALC B ST Vs i) el k550 T Zn & Zn*' /) HOMO 5
LUMO R 52, MR 7t 1] 4 PATRI Ak, BRI ST i D07 B ke &x T
B AR PRI RN S Zn® SR T fE 1R BE 0 .
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3.4.3. MR REEA] B A Tk R R LT

AT A, LTRSS UM TR T A5 IR S R 2 . HegE
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KA A JE T 1) HOMO, IXREFEARY ] S N B, 34 58 iR - F AR T ) AR
e, ARTHAERRERTY B7]. BB RERKERE T, Bk
PR, HaE G E RA BR A L, WER R TE — e,
M GHE SRR EA B UAMEM B BT TR e, R T AR LGS
HHEZE, TRE R H Y, BRI R A E Ty,
SR TS 14 A

WRAEASCIE T, AN IR S5 35 (e AR Y S R A 7EAK
ERFF, FAhs T SR B R B AR T R A 5 A A
HOMO. LUMO BEZ R &2 A . — 28501 1] fE T 5 2 FL 720 71 HOMO
BESL. BRMKIRELT40 110 LUMO RS, IXFEIZr T 5t RENE I [ B4 HL 1 1)
REF A THERE, IR RNRE, MO FilEAEEH. B
e ER 18 b AT DO I o B AT T AR, XA 2 S S A R EAT A
ARk .

MR — W, )8 T SRS LM SR T4 2 B S ) s
HAEM R IE R S kA, B SHAFITERAMR, ErREM, Mix
W R T4 1 LUMO ReZ, 1 FEAR S HLF-43F HOMO fet.

4, &5ip

K H gaussian09 # A% #) ub3lyp/6-311++G(3df, 2p) 7 ik, X & ALYIHIT
FUVEE I PR AR AR A AR FERR R i IR R R, DA KCL S sl - SR i
MR EAT TOH7E. BRACRIIE A AL I fE T, > Zn2+ 450 AR R T,
TR RIE T R E SRR, H LUMO fegift s, 3R
HF BN 17 Zo2 WS R T T2 711 HOMO Redi K, AR5
R, M 2o 5HERRTR . R P LSRRI B FER
gER, WM, T EEEAREEDR, A P AR AR AR A
B 5 T S A 2 SRR B R T .

TEHYURES, HARR P KHE Zn 77 HOMO REZPF(E, KR
fif Zn>*LUMO REZLIEAC, KA FREJ3G 9. 4 K5 Zn AHER 3.5~4.5 IRI,
HOMO(Zn)-LUMO(Zn?*) 46 % {8 5 K, Bt g6 K52 W i ) HOMO(Zn)-
LUMO(Zn?")4axf B, XI5 AR R Zn JRFA R EIER, (R HTE ik
K H Y BUsEl, BECFENEE . RS AR I R A P R b e
DUBVEEER R AR L AU — 2 & KCLIX AR F 5K,

IRINFRAR - SOR AR AR T Zn J5F HOMO REZLFEAL, Al
Zn>*LUMO BEZ &M, {H Zn JR-T HOMO REZRFHCFEREE 8 K, HOMO(Zn)-
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LUMO(Zn>*) 40 KT JCas NG5 e fR 155 00, DRG0 — SR PR 7 B2 2 H Al
KM 3~5 WIGEN EEIEM, AL Zn JHFive s, AR THAE
HIAR R H Y HUZ3), ERoLH P2 . Rk R M EREFI, 2
— FRELUF A I FAE 5 30 (R4 - SR F R BT AR R T (B S5 A N 77
FEIE— M), BEAAEE Zn JA T HOMO AR F#%, ] fEfd HOMO REZ Tt
wr, WHLRURE T REAE Zn JR R E, WATEE(E Zn R ARRE, IR
WXt Zn JRT R E AR FHRCR IEASFRAR . 4 - SR FP I 2 Sk & ey
B BRI, BT R ARG R e TR AR R
YEH

IRIMFIAT Zn J7F HOMO BER MG EEA 7 T HIMER, KEBammnT
#E O N, Al RS H BUTRUY s 7 AR fAE A k.

KRS TERIN A, LR RS LA MR T4 I S R g6« e RE
e £ 27 SR AR gl A et 2 (A1 P s e 2405 A DT HOMO' REZ)
5 LUMO REZ, SEMARL 568, S2MmA0~ IR NOH o

FEL B VAN N SR FH D B 55 7 S R A 770 B o ) D B A AL, 0 Je i
N2 SR LU R, 3 S HOMO REZR: 57401 LUMO REZR RI5E 0,
NI 5 0 B 2 % T8 (A5 S SR T ), A N o B8 T T A o I S i A 77
IR, RefldH T 71 HOMO BEZ Tt . SRHLT4r T LUMO Redi %
IR, BRERIEA S B AE, A 0] RERUR BT A 2% I AL .

T ZRRE R U TR 4 5 AR S, 7 S FEE ol I N2 ) 2K FLF 23 7 HOMO RS P4
fik. SRET5 71 LUMO BEHTt
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Appendix 1. Abstract and Keywords in Chinese
KCI W TR K B TR R

FE: KH gaussian 09 F M ) ub3lyp/6-311+(3df, 2p) 7i%, U KCl &
W BT EET BTt DEARA AR W], FRUTREERS, FA R R
B K BEUSBRAR R Zn JR T HOMO fEZ, [HI PRAK Bl R 1H
Zn**(ZnCL) ] LUMO REZ%, f# Zn>*(ZnCl,)7E FARZR TH B 2% 5 3K 7, Rk
ST (R E A - 24 K5 Zn> FE S TE 3.5~4.5 1R}, Zn JR-F 1) HOMO
REZR R E £, LUMO (Zn*")-HOMO(Zn){H ((Zn**5 Zn 4bF [ —£f7 &) 5 K.
KFMESLAELT Zn RPN E, &S ERNERT B Ry #8ugs), 5 TRt
TP B BE 23R T . IS IR —SR AR AE PR T 3~5 3R G P (S bRy [
), St - SRS Zn R TR IE REEEFC, BUILRETE st e ik
o KB BEWPECHERT Zn T HOMO REZK, [FIAS FEAK AR R M
Zn**(ZnCL)f] LUMO fgZk, f# Zn**(ZnCl,){E AR R M 56 25 5 R B ¥, Rl
XTI B A (REM . AR Zn JEF 1) HOMO BERMLEL, LUMO
(Zn**)-HOMO(Zn)fH ((Zn**5 Zn A TRl —f7 B) 5K A 1F Zn Ji s E,
BN E Ry #0283, 2 TRt RN ZR . HaRi -
S W B M AE FEAGR T, X S8 5 AL T R — P, X BE AT e A
Zn J7-F HOMO fgZe T+, WATfEfd Zn JBT HOMO A8 A%, ol BEnT
REAE AR Zn JEFA20E, WATRefd Zn JEFARRE . BIEART Zn R T
TEHMRRT A HY B, AR T IEBOCE PR E . BRI 18 57t
Zn JEFPAAAER, REBBERINFAIS O 5N, mRgiing+ o 5 N JET
IR F A Zn JE AR T R ELUMO B 1EFH - KCL 535
- SR AR AN S Ak 2 s NAE 6 Ak 2 S N B2 A, A2 S A
AT IE XA . AR BT ReS T s 4 140 11 HOMO REZL, FEAIRER
T2 7 1) LUMO B2, 1XYWt RE (e d 0 5 I N A2 v (0 e T34 85,
DAL G REAI A2E 1 27 S 7, 0 A 257 s I LA e A 280 SR o T 688 71 U T 5 I A
AR U B 45 FEL T4 T HOMO REZL PR SR T3 F 1) LUMO REZR
Fhi. Rk, AT SR AT LU T 500 LA . R X B U AR R
WAUAE FIEAT TR ST . 24 Zn? AWz T AR T, H LUMO Regi e At
i SR RN e (A 2 AR R T Zn SR RS T 411 HOMO REZ)
FEAS, AN 5 1o 1K 7 1 Jo DR 49 6 200t ot s FEU R, A BEAE Zn
FEHR T BRI, X A E P~ A IR R . FAl R T e 7 58 1 1)
HREART Zo2 3 B0E T, XANEBEATFE S HBE, B =R AEH
IR A .

REE: HUTR, SVER, E4%, A%, Gaussian09, HRAGITHE,
Ifi - &2 H i, HOMO, LUMO
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