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Molecular Dynamics Simulation for Formamide Aqueous Solution

SHEN Qiu-Chan LIANG Wan-Chun HU Xing-Bang LI Hao-Ran”
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Abstract:
formamide (FM) in aqueous solution, the Optimized Potentials for Liquid Simulations-All Atom (OPLSAA) model were

In order to know more about the microcosmic structure of the important biochemical model molecule

used in the molecular dynamics (MD) simulation for the aqueous solution of FM in the whole concentration range. The
radial distribution functions of the solutions were obtained. The interaction between water molecule and FM molecule
was analyzed and calculated. It was found that there was a weak interaction (C—H---O) between the C—H beside the
carbonyl of FM and water. The weak interaction could not be ignored, which was suggested to be significant in
preventing the tautomerization of FM, especially when the concentration of FM increased in the aqueous solution of
FM. By doing the calculation in the whole concentration range of the aqueous solution of FM, it was found that FM
could strengthen the local structure of water in water-rich region. As the concentration increased, the association of
water itself would be replaced by cross-association between water and FM gradually. In the FM-rich region, it was
mainly the linear association of FM itself.
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Fig.1 Structure of formamide (FM) and the
nomination in the MD simulation
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Table 1 Potential parameters for water and FM

Atom o/nm &/(kJ+mol™) QOle
SPC OW(H,0) 0.3141 0.1554 —-0.8068
HW(H,0) 0.0000 0.0000 0.4034
FM  N(NH) 0.3250 0.1700 0.5323
C(C—0) 0.3750 0.1050 0.2650
O(C—0) 0.2960 0.2100 0.1263
H'(O—CH) 0.2420 0.0150 —-0.5850
H(NH,) 0.0000 0.0000 -0.6351

o: Lennard-Jones potential parameter of distance(dimension);
&: Lennard-Jones potential parameter of energy; Q: charge for

interactional atoms; SPC: simple point charge
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Table 2 Number of particles, concentrations,
densities and the lengths of box used in MD

simulation

Nem Ny Xrmt pl(g-cm™) Lo /nm
0 512 0.000 0.9967 2.486
12 500 0.0234 1.0044 2.509
20 492 0.0391 1.0095 2.523
100 412 0.195 1.0489 2.663
153 359 0.299 1.0672 2.750
192 320 0.375 1.0780 2.811
256 256 0.500 1.0925 2.906
307 205 0.600 1.1017 2.978
384 128 0.750 1.1131 3.081
460 52 0.898 1.1219 3.177
490 22 0.957 1.1249 3.213
512 0 1.000 1.1273 3.239

Npv: number of the FM particles in the simulation box; Ny: number of
the water particles in the simulation box; xXp=Naw/(Nat+Nw);
p: density of the FM solution; /i length of the box
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Fig.2 The height of the first peak in g(r) vs xm for the FM-water mixtures

(a) strong hydrogen bond interaction; (b) weak contact

& 7729, SR FH A i S A5 A FNEROE KT P42 KRR AR
FH 3 FOG T sR B0 D7 i AL B BT M 43T 1
1 RATTLE 56 FR i, e S BONR R E, K
3 FF 1 SETTLE J5 b F e,

H e FUK 73 FIR G, IR R AEifh IR A e A bl
B[] & AR RGBS, SR 2P, o IS TP fe
FIRAEGE T, BRI 1 fs, B 0.1 ps BUFE—IK,
SEATJE Y 100 ps FEF TS0

2 #ER5VE
2.1 RZEmE&SHEY

VR S5 AR AT LU AR 1) 531 bR KR g () [ —y R BLA
RO FATGET o0 1A ) 3 A pR AR — A E Y
g v BV R AR 45 L, T30 AR S8 .C—H -+
O AR EAEIZ T E12(a, byHh. I3 055 — F e iyl
Bk AR R . S5 FHEAIC—H: - OS5 T B
Y FHAE DG I A% 1) 43 A3 BRI B, B L5 3 R vk B 1) 7%
1k 5 2 51 F Supporting Information (www.whxb.pku.

35F-
(2) —u— OW—HW
—eo—(O—HW
3.0+ —Ae— OW—H
251
E" I/
£ 20 —
| /'/
& /.
1.5 = :
A——’A/A
A At el
10 [ . ee——
- —_
1 L 1
0.0 0.2 0.4 0.6 0.8 1.0

Xen

edu.cn) EISTH. El2(a)FIE] 3(a)LA Sl ST, SR
TR e ) B — WA AR A R ) i ) S, XU T
KPS e Hh i S AR A o B AR S R .
TEE2()H 0] LA 2], K B 8455 OW—HW
iR SRR R P D o SRR I T — A, B — 0
A S 7R AR T 2 B R BE 1 T 5 T B 2 11 o HY
5t JHe 75 VR4 g (r) [(OW—HW -5 SPfE 4l K A A5 4D 25
SREE ELER, ATRNFESE K Hohn A /D F e, AT AR
SR B3 R, B BT K () S5 R 3 R, TN ).
Sebr b, TEAR 220K W P s BRS L e  45 R,
T T DMSOP4E . 7 Y I e A v 1 ok B2 (1212
(@, xa=0.95TI) TSR BT — P35, g(n[OW—
HW] 88K T B, 1 e i am B E X g 1 g
(N[O—HW]Hlg(rn[OW—HIWZE SR K T _E T+ i) e
B . LeiZE YRS DMF-H, O}, g(n[OW—HW]Hig(r)
[O—HWI HH B A8 1k, H 2 L4 S A R
FE e FE B AR A L . AR E R 7T LA, 7
MR BEAR iy (45 G0 T, 6 e R K ) 45 5 s 3538

140 F (b) "
135 /
130 F /
5
3 125} /
= /
3 120} -
L
LIS el
- —n—OW—H'
110 |
L 1 L 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Xen

3 FM-H,0 R REES R g(r)E ZIERIERHE xo WL
Fig.3 The height of the second peak in g(r) vs xgy for the FM-water mixtures
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