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completion (with unreacted terminal groups highlighted) (b)



414

Z5 5 BT Materials Studio & HSRBENE BB EE T HAF L <133+

% R NGAKRIE Gi it C— N fK k251 250
FFEIIEIR £ BB R M (7 H 5 B I 8l > 50
i I AN SRR AR | B A RAS SRR [ 2
AULE 3(b) ], 58 A AL AR
1.3 KULERHE

FET B 3 Ca) By W) IR 45 #6155 B0 5 52 K I A
(xlink) , ZE 115 AE A 6 S AR TR [ 8] 3 (b)) J 5 Bifi 5 44
FTIG A FRERAE - D BB B oK )i i) MPD/TMC H,
T ORAR ZR AL SR IR 5 W5 20 5 O B gt o i 1]
(—COCD /K it R (— COOH) 5 3) WA & 17
2 000 UM tAk 5 fig it fe/ME, 3Rl COMPASS
I S B BRI A . 4k im0 B 5 F 8l 1 244
L B AETE NVT REZET P4 200 ps(298. 0 K., Hif[i]
HK 1 fs, FIREE0. 1 ps) BlIGT7E NPT RZEFF
5 200 ps(298.0 K, 0. 001 MPa, Bf[]#K 1 fs),
G AT NVT P 200 ps(ZHLRIED . s
T AR T% A IR AL S e dr. R
Fag g 7Kk Ak B 38 4 4 B ) ( Connolly) 5 i 78 3R
B EERIBRI SR K 73 IR A BRE TR Z T
B 5 R UHAT - NVT REZETREAF 500 ps(298. 0 K)o
NPT % £ - fif 500 ps(298. 0 K, 0. 001 MPa),
NVT RZLFA 2 ns(298. 0 K), B E = REHI1L
I FELLSE B FE AR . B A R Bk AR 2 ot
175 BE ST AT
1.4 HELHH

MR Coronell Z5 145 X, M 1H PA 1R R W38
X (DO Ay 52 B ot e 5 450 5 #R8 1 TR 1l A9 e K Tk
W B2 L, SR T S R

DC— EFRBIHAH _ Ny N, D
Eﬁi@%ﬂﬁ%ﬁ E NN +NC()()H

;T:t:l’”l :NN \]\]NH2 *ﬂ N(‘(X)H%ﬂ”%iﬂ%ﬁﬂ@J%\ﬁ\/ﬁ%
FRFLAAEL

G B AT 2 X RBA W BRI (VO
REWEIEMEBR VO M EREREY S9N A
FAREL (Ve DL a2 O e 20O . PA A H
B (FFVO IS AR = (2) st

FRV=Yi=_Vi

V., V,+V;
2 #EXR 53
2.1 PAEMZBSEFL
PA [R5 I ER Y 5 FLAL 22 20k I B R VA 43 A
BYIMI, % 1R THT COMPASSI 1 i

2

(WG EARSERE n(MPD) = n(TMC) =150 : 100 fif
15 PA BT OCHE S5 S8, BEAUSE R R, 2Bk
JE(95. 44 %) . T PA B (1. 29 g/cm®) KK 4 PA
(1. 34 g/em®) 5 FT30 i b B i) 52 50 {8 (32 Bk
JE94.1%~96. 2%, T8 JE 1. 17~1. 31 g/cm’, K
BEE 1.30~1.39 g/em®) BRI E A —2ME:., 7
BUE R RS BRI 1 BN 10020, AT AR
FIFE 1 100 % FYASHRBE(E X I P F TP (1% [ 9 il
FEPE S BB 5 A2 B 4% B 189 5 A 4 1 s B TR R
I 5 A 2 7 35 AT AR 5 A X A flk ) 46 s
U= e I ) B S i B O 1 Va3 L B
X, 1 PA B BEARRAR ST I, SRR P 4l v
S FEER TR ; KA PA % EEAARAA R B 215 Kk
A S AR BN i 4 EE S K A R T
PRIt o e o [ 3R 5 0 R Rk 1 B8 BB A, ) 3
oS R SCREER A E K. T PARE
5K4G PA % BA U RVE R B IF 45 @ gt ¢
B BT PA BB B TR AR e e B
SRS B s M AKA PA %5 B )30 5k 3 42 JE 114 v
A 55 Wi R A i 3 T )RR R . R AR R
RETT 2AE T PA B 5K G PA % B Z W] 55Ky
Mo RO DX ] BEAE B DR BB 7R 24 3 i B M 1 )
N BRSNS N IOR Tl N S Wl NG = 1
AR FEI PA R0 Py BRE M TE B T 2SR A
AT AT

PA JRA 7K A 2 P 30 38 2o 1 5 5 P 3B i A 7K
Ay TSI RIS S R 1 23 0 (5B 50
(0 KR H AR RN X Fp O R T RET AN
MK o TR AT A TCIL B 38 10 25 i v (B An A<
e i g 57, Connolly 2% 1 Y 77 20, 3-8 1422k H
L4 A, A HKE KA T 878 20T R 28 I ) L SR
1T T3h 12 (EMDY SR A PA 57K A9 2L
MEAEH A KSR sk Gid . KA PA LR 4
(O IR » Ze— RGN B AL AR KA BE[ 42 752 000
AU Ak BE = f /B AT “NVT (500 ps) + NPT
(500 ps) +NVT(2 ns) "ML At T4 . & R G- 5
AR T T AL 0K R B (1. 34 g/em®) FR AR 114 fiE &
PRI (BeJ 50 ps FR G0 RE I I shARifE 2240, 2000) .
Bl o AE PA RSP0 61 28 J] 3 14 7K 6 ORGT DG e
R KEZE N 1.0 g/em®) BB EE Layer £,
HIE R — IR, BT - - IR R o
2 PR S RN E 4 (o) fras, B LUK BB NI
BH S 08 ORUSE 7K 5 R BH S5 44 g 5 T8 S 5 1k



- 134 - BB ¥

5 o A

5 46 &

* 1

COMPASSI|l /%5 4R E A #5600 PA BEAEA Fo 52 Ik FT30 Rk 15 B 45 M) A 3k 09 ph4k
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a water box with a density of 1 g/cm®(b); snapshot of a “solution-membrane-solution” system (c)
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Development of a polyamide reverse osmosis membrane modeling
tool based on materials studio platform

LI Na, WU Zhiying , ZHANG Xuan

(Guangdong Basic Research Center of Excellence for Ecological Security and Green Development,
Key Laboratory for City Cluster Environmental Safety and Green Development of the Ministry
of Education, School of Ecology, Environment and Ocean, Guangdong University of
Technology, Guangzhou 510006, China)

Abstract; The Materials Studio (MS) platform delivers an integrated workflow solution for polymer
molecular dynamics research, leveraging its graphical modeling interface, high-precision simulation engines
and extensible scripting architecture. To address the lack of efficient automated modeling tools for
polyamide reverse osmosis (RO) membranes within this platform, this study developed an intelligent
crosslinking script, xlink. This tool employs heuristic algorithms to automatically identify acyl chloride
groups (—COCID) and amino groups (—NH,), and performs directional cross-linking. Integrated with the
COMPASS I force field, it enables precise control of cross-linking degree, significantly reducing modeling
complexity for diverse systems such as m-phenylenediamine-trimesoyl chloride ( MPD — TMC) and
piperazine-trimesoyl chloride (PIP-TMC). Validation using the MPD-TMC system demonstrated that the
densities of the dry and hydrated membranes closely matched experimental values for commercial
membrane (e. g.» FT30). Water diffusion behavior and solvation structure characteristics aligned with
membrane separation mechanisms. Pore topology analysis further revealed the distribution patterns of free
volume. This study establishes a high-precision molecular simulation framework for quantitatively
correlating of structure and performance of RO membrane, overcoming the technical limitations of
traditional trial-and-error approaches.

Key words: polyamide; molecular dynamics; cross-linking script; heuristic algorithm; modeling
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