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Synthesis and Molecular Dynamics Simulation of Anti-scaling
Mechanism for Polyether Polyamino Methylene Phosphonates

LEI, Wu ZHANG, Shu-Guang XIA, Ming-Zhu WANG, Feng-Yun*
(Department of Chemistry, Nanjing University of Science and Technology, Nanjing 210094)

Abstract Polyether polyamino methylene phosphonates (PAPEMP), a new type of reagent for water
treatment, was synthesized from polyoxypropylene-diamine, phosphorous acid, formaldehyde and concen-
trated hydrochloric acid. The product was characterized by IR and NMR. The interactions between PA-
PEMP and calcite crystal were studied by means of simulated annealing molecular dynamics technique with
period boundary condition. The essence of such interactions and scale inhibition mechanism of PAPEMP
were also discussed tentatively. Results showed that the order of binding energies for PAPEMP (n=1~8)
with (110) crystal surface of calcite was as follows: 5>6>4>3>8>2>7>1, according to repeated
units. The analysis on various interactions and pair correlation functions of all systemsindicated that binding
energies were mainly provided by coulomb interaction including electrovalent bond, and a little came from
hydrogen bond, while van der Waals interaction was against the formation of combined systems on account
of its positive value. From the energy analysis results, PAPEMP (n=1~8) molecules could be conclusively
deformed severely when they were combined with calcite crystal surface.

Keywords polyether polyamino methylene phosphonates; molecular dynamics; calcite; scale inhibition
mechanism; binding energy; pair correlation function; deformation energy
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DRX500 # i 3L4RAX(D,0 K5, TMS A A Fr).

Uit e S ik Jeffamine D-230( LM 4, Huntsman 2
Hl, A n=26);, WHER(50%, /Hrek, o EHik
AR ), WRER R, AAALE, REEK (A, i
et AT R A W), HEE37%, Jr#fral, Lig Adetl
AR IR ).
1.2 PAPEMP BI& RS 4MFTRIE

# 4.62 g (0.02 mol) Jeffamine D-230, 16.4 g (0.2
mol) LR, 7.5 g & /K& TP LR, 42
A5 mLkERROINEE, ). SR, i indis
105 °C, AHENR, Mg rhoEignn 3.0 g HEE(LA4E
AR, I AR 45 min, W INoEEE, OV R4k
TR 3 h A EI S, 980 2800 43 B 45 B A 72 i,
77 92.8%. *C NMR (CDCls, 300 MHz) d: 14.5, 15.8,
18.5, 47.2, 49.0, 72.1, 745, 755, 55.8, 57.9; *'P NMR
(H3POs, 500 MHZ) 6: 9.41 (s, 1P, -CH,POzH,); IR (KBr)
v: 2969, 2872, 1465, 1420, 1375, 1100 cm %
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Calciteff) i & . #£0.026~0.0422 ). LLAEFE % 6 mmol/
L(LL CaCOs tF) I Tl AK Ry i, 85 5 I 26 45 W0k FE Ay
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AR (110) S TH B R FRADIR A IE 8 B R s, T8
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n=2 E=-73698 kl-mol”

[«
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n=% E=-106124 klmol”

B 1 PAPEMP %1(n=2,5, 8)fis % K g
Figure 1 Structure and energy of optimized configurations of
PAPEMP (n=2, 5, 8)
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1T MD B, %5 2GR IEE i Maxwell-Boltzmann 73
ABENL= A, A-W0IE 3l 7 F2 () SR AR 7 AE JE PR 3 4%
PRV B SET RGPS AR K2 I, 2
Velocity Verlet ST Ry KA, T80 R s 4E
I, van der Waals Il A B AE FH YK A 0.95 nm (¥ Bk
TEAR W (spline width: 0.10 nm, buffer width: 0.05 nm),
TR B9 2 A1 1) 431 TR AH B A FH B 4 1 35 2% B Aoy
PAHEATIRIE. BB K YIERIE L 1050 K (1A Calcite
75 825 CPpig), 4 50 K [ — IR, K IRAE SRR 1
HEST MD B, E%E 350 K (77 C, 92hrN ),
BV I HORE o r, GB KE AR B A e 5E . I TRE
K 1 fs, BSR4 200 ps(iiif 100 ps H Tk &P, &
100 ps A HUFE TR ), 4 100 54t — IRk R (KL
SR VT IE 1 PR, T TEE Pentium 1V
THEALESE R

3 GRS’

3.1 EBEYERmHEEERMNTSE

A BV A7 5 15 ph e B RTRE B 4 DL ) B B
PAPEMP (n=5)7f Calcite (110) ifii Ff¥] MD il A1,
FPHTRY Be i J5 25 ps IR hkan i 2 s, WL
B RN £20 K 2245, 76 eI ) £ 10%50
M. B 3751 PAPEMP (n=1~8)% 11 Calcite (110)
I b5 300 MiEE G Esl, Mz m L, B
TG ZE Y AE05% LY. L L AR AR E
IEBE RO, BREE R AT AE, HARRAE S T3]
AL 18
32 BEYEAFEARELMNESEE

TRA AT Cadty COS™ LLE Tt 4, A
CO3™ B TWIER R sk n§ A R, B K, HHE
WLBSIR IS TR G 7 TR &R B WA EAEH e AE
BBV VoR

AE= Ecomplex - (Epolymer ~+ Esurface) 1)

£ 1 MM 1 MD BT
Tablel Simulation detailsof MM and MD

Forcefield Non-bond Summation method Ensemble Simulation temperature
Compass®® VdW, Coulomb Atom Based?, Ewald® NVT 350 K
Cut-off distance MM Optimization Convergence level Maximum iterations Energy deviation
0.95 nm Smart Minimizer Medium 5000 20920.0 kJemol
Thermostat Equilibrium steps Production steps Time step Frame output
Berendsen®” 100 000 100 000 1fs every 100 steps
Initial temperature of annealing Bottom temperature of annealing Annealing scale Times of annealing dynamics
1050 K 350 K 50 K 15

& Summation methods are respectively applied to calculate non-bond interactions. “ Atom based” for van der Waals interaction and “ Ewald” for coulomb interaction.
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Figure2 Temperature equilibrium curve of PAPEMP (n=5) on
(110) crystal surface of calcite
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Figure 3 Energy fluctuant curves of PAPEMP (n=1~8) on
(110) crysta surface of calcite
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Figure4 The graph of binding energies varying with different n
of PAPEMP

# 2 PAPEMP 4> 1-(n=1~8) 57 fif 1 ik (L10) b KM K145 &k TRASRERIARREfE
Table2 Binding, non-bond and deformation energies between PAPEMP (n=1~8) and crystal surface of calcite (kJsmol %)

n Efre&polymer AE Eyi nding Eyi nd-polymer AEgeformation
1 —792.99 —5098.65 598.65 387.90 1180.89
2 —736.97 —678.90 678.90 505.85 1242.86
3 —699.65 —833.45 833.45 400.03 1099.68
4 —638.23 —916.17 916.17 578.86 1217.08
5 —508.52 —1010.85 1010.85 480.41 1078.93
6 —567.56 —956.38 956.38 549.19 1116.75
7 —1077.34 —656.43 656.43 603.00 1680.34
8 —1061.23 —726.64 726.64 644.71 1705.94
n A Evdw A Erepul sive-vdw A Edi spersive-vdw A Ecoul omb A Enon-bond
1 228.36 732.69 —504.33 —767.72 —539.36
2 309.16 846.45 —537.29 —1164.99 —855.80
3 265.68 759.49 —493.81 —1403.94 —1138.26
4 349.15 1063.75 —714.60 —1687.53 —1338.38
5 267.40 1039.48 —772.08 —1632.60 —1365.16
6 181.29 776.73 —595.44 —1499.13 —1317.83
7 381.79 1211.48 —829.69 —1317.96 —936.17
8 399.66 1307.80 —908.14 —1570.92 —1171.27
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Figure 6 The curves of non-bond energies between PAPEMP
and (110) surface varying with n
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3.4 BHFIRFREBIN XEXE H (Pair correlation func-
tion)
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Figure7 Interacting configuration of PAPEMP (n=5) with crystal surface of calcite by MD simulation
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Figure8 Pair correlation functions of PAPEMP (n=1~8) onthe (110) crystal surface of calcite
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