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F1 TIP3P il TIPS2 HEEHHMSH
Table 1 ~ Parameters of the TIP3P and TIPS2 potential functions '*'"!
r(OH) / HOH 10°A 10°B r(OM)
, q(0) q(H) g(M)
nm () nm' * kJ * mol ' nm® * kJ * mol ' nm
TIP3P 0. 0957 104. 52 2.4351 2. 4895 —-0. 834 0.417
TIPS2 0. 0957 104. 52 2.9079 2.5104 0.535 -1.07 0.015

HOH »~
HOH 7

E1 TIP3P(a)fl TIPS2(b)BEHEREHIKk S FEE
Fig.1 The water molecule model of TIP3P(a)
and TIPS2(b)
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4.0 x (6 x n)'*® IKFHIERPLAEPR RV R, R. =
L(6-0.5); 0. D.o=2ms, Hp 5 )& 0 F| 1 X[A]
B . B 6 n AN IXFE R AARAR BB B —
Ny
1.3 MRHHE
BT R FRERIFRIR, RS . e 4,
b, SRR S L (GA) AR BB AR K (FSA) 1!
DA TR, X AR T LU RGeS . e
—10 GA 5 FSA 5E 2 )5, #4°% A L8 B 4 1k
(CGA) AT 48 &, X Fl 42 Jmy 38 2% 5 Jmy 3 48 2R A
S5 2, AT AR K b 5 Bk A R, 4 58 Il
— K GA +CGA 3 # FSA + CGA, ¥k F K 9 3K

W, X fe A AR S AR A, IE R IR R — AR &R
% 83| FSA SEPrRH T4 5B R UIRE, A8 STk
t, GA W5 RO B T8 8 B XA AT
A % R i R S T W OB R oY == 8
B PATRCR | IR, MR R KN R
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0. 004 kJ * mol~".
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ET T, 255 an g 2. MR 7 i8R A TIP3P 1E
e PR, e R IR YA ] X E e
M5, k& &/, EKD THE/DFSHET 11
B, FHGOA Fifg4s 5 Niesse 5E4HH A, {HI& 4K
S FEORT 11 B, FHGOA J5 4k 3 1 BE 5t E A1)
ghRL A, EFIR] 4347, FHGOA ££ %% ) Asf [ 4
/bF Niesse KMk . AL, FHGOA 5k & —
Fif sy 2 SR A i, AR s i Ae i

FATTHE 3K Ty 2 0 — 25 H Ak TIPS2 /K 43
FHE (H,0),(n =2 ~27), $H] TiZHRERECT (1)

%* 2 XF FHGOA itEEE=F CPU (central
processing unit ) 8 5 CEK{E AT bL &
Table 2~ Comparison of energy and CPU time between
FHGOA and literature
. Eu~ Ea™" TNiesse Trnis work
kJ *+ mol ™! kJ * mol ! s s
2 -27.36 —-27.36 35.23 15.71
3 -73.01 -73.01 152. 71 42.61
4 -122.63 -122.63 516. 36 174. 88
5 -162.21 —-162. 21 1268. 00 492. 90
6 —200. 04 —200. 04 2294. 40 883. 01
7 —242.42 —242.42 3929. 29 1433. 23
8 —-295.31 -295.31 6696. 03 1340. 13
9 —-341.71 -341.71 9706. 12 2632. 30
10 - 386. 94 - 386. 94 13308. 93 3400. 97
11 —428. 23 —428. 23 18728. 68 5368. 76
12 -477.19 —-478.73 25292. 15 6713. 88
13 —-523. 17 -523.63 27056. 19 8790. 51

* Ev represents the value of literature [6].

° " Ec is the value calculated by FHGOA method.
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Fig.2

Global optimization geometry of (H.0).(n =2 ~27) clusters

The numbers under the structures stand for the energy of water clusters, which expressed in kJ * mol ™'



788 Acta Phys. -Chim. Sin. ( Wuli Huaxue Xuebao), 2004

Vol. 20

B FIRACHEHES . AT X 72 K 2 A
LR, [ TH P AH SR 7K 4371 R S 3
THT (1) S0 58 79 25 1A R A7 AR AT RE A B8 HE S 19 B 2 R
JARAB AR R JE N X TF n =12 ~ 16 B KT
TS5 A I 3 AT Rl LU Y X B 45 44 58 421 2 % i
M. 4 n > 16 B, S5 K FET I 58 4 A TR, st A 5%
FAKAF D BAREEH . M n=17.19.22 I, 7E5E
B H A — KA, O KA AR S
15 n=25.27 W, 7K 53 B FEAE Ry U0 oK o+ 58
AREER . BIYIK 3 FH8OKT 16 B, HAAG 43R
g Al N A ST € e B PN A | DA ST 3 e
ARG AR ka5 SCHRA EE, SR AT TIPS2 i
TTM2-F 3 HE ek UL Akt B9 45 44 AH [F] 1) 5% A2
PN EAET TIM2-F BB TE n =27 AFFIRH
PR IR A3 F AR5, TIPS2 BEAUAE n =25 B
L TR R AR ZE A, B TIPS2 527U R A H.C
GEREEFIFERT I T . IR FH fA] B BE PR AL TIPAP
DAk 45 04 WA BLAT IXRE 1 A e 3

Hartke"'"' 5 i 45, B TR TIPAP g R EL
AR FIE (n = 17, — HIRRESE
AT 45 FA) 1A R 38, AN L 38 DA 4 3R 1T 465 ) 1) SR K 43 7
O EE R R A PRI AN S T TIPAP 5 RE bR %K
F IR K 7K 53 B2 R Y, 42 o B
%] A BR K BT A5 30 ) 2% (MD) s 5 R R %
(MC) B4 . TTM2-F #fe oki 55 8 48 7T LU R P ik
KB K5 BIRE, SR 23 e R EUH 24 52 2%, 7E 40
[ 451 N 4k S L 45 4, 75 22 i sk [|) 2R FH TIP4P
PR PR ALY 20 £ " EE MRS R BN, BT
TIPS2 1 TIPAP [m] 2 U o ) SR A FH T 00k 141 %
SR AT BT AR Y . R Mr B, TIPS2 fili Bk b
U AT LA AT 14 R B K A 7K 43 T I R AIE, J& MD
B MC B — BT A e 4

TATACGE Rl T — 0t . B 3 %4
BT FRERRE L XE | E B A Nh DL
BN HAE El/Nh BEF50H n LR
M 3a AT LLAE H BB 4 XHE | E1 K 5> F 5K
n LR SE R IR, I — KT, AE 3
TR Z7E 45 kI - mol = 2247, BB I K/ NFIK 43 F
TR ZER YA E | KB 3 a SIS R (2)

| El = —75.83 +46.50n (2)

RPN o NES € il N R S N & S A S RO |
BEATHANRERE . NERBRMAR, YKo FHRBER
KIS, AR ZE RN, MK o 50 B /N, Al R
ZEME R, X T H R S5 HITE K 738 B B/ Nt Y

AR . K 3 b R RS R — K H
2k, Ui W B SRR K 1 X0 H A0 30 L 2 3
hn, &AL

Nh=-2.88+1.82n (3)
MIZ 5 R AT LA A b A 5 R AN ) Rk 1
ik S SRR . N R R el DUR R 28
EEEL b, DR TE LR E YRR BRI B
FOBGE . Rl E A RS, FD K o T R A 1
(BT A R RS S A Bk L, DT I Ak SRR 52
BAGWI SIS . 3 ¢ iR TR TREHRE RO 4
XA SR R P ARl 2 T RO AR R SR & . wl

1400

1200 |

1000 -

800 |-

|E|

600 -

400 -

200

0

50

40 1

£l Nh
3
<

MIANeE

I I !
0 5 10 15 20 25 30

B3 (H:0).(n=2~19,22,25,27)A%RRESLHL
AEBHEXKDFH n ZBEHXE
Relation of various parameters and n for the
most stable geometry of (H.0).(n =2 ~19, 22,
25,27)

Nh is the amount of hudrogen bonds in the water cluster.

Fig.3
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Global Geometry Optimization of Water Clusters Using Fast Hybrid Global
Optimization Algorithm *

Cao Yi-Lin Wang Yan-Song
( College of Chemistry and Environmental Science, Henan Normal University, Xinxiang — 453002)

Abstract By combining the genetic algorithm, fast simulated annealing and conjugated gradient algorithm, a
novel global optimization method, termed as fast hybrid global optimized algorithm (FHGOA ), was proposed and
applied to global geometry optimization of water clusters (H>0),. In the case of TIP3P, we found lower energy wa-
ter clusters compared with those reported in literature and the computational efficiency by using FHGOA has been
greatly improved. In the case of TIPS2, the global optimized geometries of water clusters (H>O), in the size range
of 2 to 27 were found. The water clusters are all-surface structures when n <17, and the cage structure with one in-
terior water molecule and two interior water molecules appear when n =17 and n =25, respectively. This transfor-
mation from all-surface structure to the cage structure with one interior water molecule and then to the cage struc-
ture with two interior water molecules is in agreement with the case of TTM2-F. The results of this work show that
TIPS2 has the ability of modeling large water clusters and is a suitable potential function for MD and MC simula-
tion.

Keywords:  Fast hybrid global optimization algorithm,  Water clusters,  Geometry optimization
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