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Molecular Simulation of Drug Adsorption and Diffusion in Bio—MOFs
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Abstract As the novel drug carriers, bio-metal-organic frameworks (bio-MOFs) have attracted much attention recently. As
a branch of MOFs, bio-MOFs have features of low density, large specific area, and tunable structures. Bio-MOFs can be bio-
logical compatible, thus they have great potential in drug delivery and other biomedical applications. Compared with experi-
ment, it is generally believed that molecular simulation is an efficient way for investigating the fundamental mechanisms of
drug delivery in MOFs. In this work, molecular simulation studies were carried out in three bio-MOFs (bio-MOF-1,
bio-MOF-11, bio-MOF-100) and one MOF (UMCM-1) to investigate the adsorption and diffusion behaviors of ibuprofen in
them. To develop a reliable force field for describing the interactions between bio-MOFs and drug molecules, Gaussian 03
software was used to study the influence of basic sets and algorithms on the calculation of atomic charges of bio-MOFs at-
oms. Then a combined Monte Carlo and molecular dynamics (MD) simulations were carried out. Canonical Monte Carlo
(NVT-MC) and Grand-canonical Monte Carlo (GCMC) simulations were employed to calculate the adsorption of ibuprofen
in bio-MOFs studied. Equilibrium molecular dynamics (MD) simulations were carried out in the canonical (NVT) ensemble
to investigate the diffusion behaviors of ibuprofen. The effects of the structures of bio-MOFs, the force field, and the electric
charges on the adsorption and diffusion behaviors of ibuprofen in the MOFs adopted were studied systematically. In addition,
the space configurations of ibuprofen in the selected bio-MOFs were analyzed. Our results show the influence of the struc-
tures of bio-MOFs on the adsorption and diffusion properties of ibuprofen molecules is big. The entry and diffusion of guest
molecules are influenced greatly by pore diameters of bio-MOFs and the loading and self-diffusion coefficients of ibuprofen
are proportional to the porosity of materials. Electrostatic potential enhances the adsorption towards ibuprofen molecules. In
addition, we found ibuprofen molecules were preferably adsorbed around the metal ions clusters of MOFs and different op-
timal configurations of ibuprofen in different materials were found. The information obtained in this work is expected to ap-
ply to other theoretical and experimental studies about bio-MOFs related systems in the future.
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Table 1 Isosteric heat of adsorption at infinite dilution of Ibuprofen in
bio-MOFs at 298 K as obtained from simulations

R UMCM-1  bio-MOF-1  bio-MOF-11  bio-MOF-100

T EHA 89.971 134.157 114.877 91.497

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Table 2 The loading and number of molecules of ibuprofen in MOFs at 298 K, 0.1 MPa and 1 MPa as obtained from simulations
Ji: J3/MPa bio-MOF-1 bio-MOF-11 bio-MOF-100 UMCM-1
ol W Bt (geg ) 0.208 0.055 2.03 1.336
W B 23T B (AN ) 10.18 1.12 597.3 39.78
. Wt (geg ) 0.196 0.045 2.00 1.327
W B 3 23T B (AN N 9.67 0.89 588.4 39.6
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Table 3 The loading and number of molecules of ibuprofen in

bio-MOF-1 and UMCM-1 based on three force fields at 298 K and 0.1
MPa as obtained from simulations
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Table 4 The loading and number of molecules of ibuprofen in
UMCM-1, bio-MOF-1, bio-MOF-11 and bio-MOF-100 at 298 K and 0.1
MPa as obtained from simulations in three different cases

Casel Case2 Case3

W B (geg ) 0.208 0.2053  0.2058
bio-MOF-1 W B 1 43745

NS 10.18 10.02  10.05

W Bt (geg ) 0.055 0.067 0.0599
bio-MOF-11 W B 1 43— 5

M) .12 132 1.17

W B (geg ) 1.336  1.219 1.222
UMCM-1 W B 1 43745

M) 39.78 363 36.4

W B (geg ) 203 2.0 2.02
bio-MOF-100 W B (57 B

NS 5973 588.6 592

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 1 Dmol’ optimization convergence of Ibuprofen adsorbing at (a) Zn,O and (b) BTB in UMCM-1
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Figure 2 Mean-squared displacements of IBU in UMCM-1, bio-MOF-1
and bio-MOF-11 as a function of time
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Figure 3  Optimized conformations of IBU in (a) vacuum, (b)
UMCM-1, (c) bio-MOF-1 and (d) bio-MOF-100 at annealing simulation

ZREUBOK. Bio-MOF-100 M KL 32 4 S IR I 254 53+
A S5 B K — R ARL. BB E F D0 A v 55 43 1 Rk
A — L. AR B0 22 P BRI X 5y ) 27 A
PR, BAh, W5 AT 355> 776 MOF #4
Rheb ) B A W B A e B A Y, R IRAT ¥ 55 43 A SE Mk
MR I A T AL, LA RATIS S5 53 FAEAS [RIRA L B 10 )
PR TG BT 2250, IR R IR 4y, XA R TR IR I
I SPERER, FEURBRIE S/ BRA R 1R A F R
SIS R, 29 AR 2 A LR B4 AT 0 TR R
T 2945 B A CBEE ], 59> T /K7 F3i 48 Hh B A
X —AE A R T I R A L 25 W 2 R Dy Re v 2

Acta Chim. Sinica 2014, 72, 942—948



W F F R

4 RBEFTEAE
4.1 MOFs # a4

KSR =M A& &AL ZEA R bio-MOF-1.
bio-MOF-11 % bio-MOF-100. 4 T BiF#4 Rl 44 5 1
A VI AR 7 0 TE AR DA B A B AT I S5 o T AE M R
BB, JRIERE T UMCM-1 PRI TIT S, R
MOFs #4 B}HE) 42 5 1Ak brA B ok F Scikos® 2. |
A1) MOFs # R4S F 15 Bk 5 Fiok.

42 HiptEsl

TV ENL TR, 13 R BN )35 2 500 i
EX TS RAE R REENEM. A, fMiksF
S FROBECE SCER®. 258050 FER MOF AHk}2 I (11
I AAAFAE AR ), 10 A7 A5 i ) 1 AH B AR
H. JT MOFs H ¥ 8 48 Ji 1 (1) LI eS80 il 1
UFF"*!, DREADING! }z OPLS-AA!"'Jj17. UMCM-1
B 2R 5T FL A SCHERY; bio-MOF-1. bio-MOF-11
F1 bio-MOF-100 #4 4 Fy 48 v fi 18 1ok %% 232 o B 12 (DFT)
TSR], BRI W% 2. fERRLT, Fra i LY &2
HAEHZ %A Lorentz Berthelot JEAHINZRE. T
TR B - BRI B 5 -MOF's. B 42 JiL 1 2 [R] F 3
AR RE, SR 12-6 TEAX1 LY SARERIRIRIAR. W
Jo— W B SR B 5 -MOFs 1 22 Jif - 22 ) #f H 1 FH g,
K Coulomb HLHABEREAT VL. SR HI ) MOFs #4818 28
HAAr S LY ARESE LB 5% 3 S f ok 4.

4.3 Monte Carlo #4435

ASCRH EOIE W R Z55840: R 2/ (GCMC) B 77 3
ST ST T 259 00 AR A R WL R b (R
BEAT A, DARARIH IE R ZE R ¥ MC BBl 2595 1
176 FEARRE T TR R B A, BRI R B 2 298 K. A
PSSR FH (R 7 R/ 3l R 24 UMCM-1 BB (1 X 1 X
2), 3/ bio-MOF-1 i fis(1 X 1 X 3), 8 > bio-MOF-11 i}l
(2X2X2)F1 14> bio-MOF-100 & Jfl(1 X 1 X 1). {EAHUE
T = AETT 1) bR R A S A R SR AR D
FERITHHCR ] LY SARERIARIT 212 vl 15.0 ACY r=7,
I, Upy=0). %f T s #Aae b iR E K H Ewald
INAEN . LN FTAT I MOF R4S ) 24 Wil 45
M, B2 T OMORLE SR 48 A M R Bh. ER A

#5 MOF MR &5tk i
Table 5 Structural properties of MOFs studied in this work

GCMC J5 VAT 290 5 7R B ASEHRLINT, AR S0 B0h
22X 10° A 1X10* BHH T a5kadh, RFHMH 1X
10* B H AR R BT, BeJG 2X10° B T34
T RIsATHOEE ) 10 NSRS E S0
LA EYE, T H AL P38 K bR i 22, —
PR OSBRIl 2 HBAE 5% 7.
4.4 MD #E#I4HTS

AR AT 3 7 2 (EMD) J7 347 8 17 2 A5 4
AL, 5 2 A 1% 254> T4 UMCM-1, bio-MOF-1,
bio-MOF-11 % bio-MOF-100 VY& MOFs #1834~
AR BEHUAEIE W (NVT) R 25 N REAT, HERDRL 120
Z /MM R 7 R H 4 F T GCMC
TR ZE B3RS, IR # ] Nose-Hoover fHIR#4
T K A R AR BT T (0 1E IR 4 . B8 Ik R v 4 Y el
MOF Mk} 2L 2 W £ 44, SR velocity-verlet
S R NE B 7 FE AT AR 4y, AR (R e R) 2P 1
N1 fs. BERUA R 2 5T, 7R R AL IR ot R0 1l
R, EARTAERRRIEET 1X10° B bl 72, 4%
JG &R 2 X107 AR RIE BT, X =R R
(bio-MOF-1, bio-MOF-11 il UMCM-1), g% iR
AHh 3.3X10° Bio-MOF-100 HiJ5i P £ (5308 4/
fi ), Bl ) AR RE I A 2P, MO S X A i
559y FAE bio-MOF-100 H11¥) 4 HUR Bk fg. 7 =4k
(X, Y, Z)77 1) bt fin o S a0 S A A F R /N A ) D 2L
FEALBE N BB 1000 550 HURL T30 07 7 8 (MSD), R )5
T8 3k 57 DRUYTE 5 FE AR B NI T R A
45 EERMAEATS

AR % FE i ek FRAG(DFT), ilid Materials Stu-
dio #AAL HLK) Dmol® fibk, BFST A% 254> T4 MOF #1
R S R AL, BT UL R R, AL R
BN EEE AR MOF MBI A ISl 115 B v B s i), 1
WA H R AT B, R AN S i ) R R
BE. AT S, kb TE SR IR BT AR, R A
B iRk B 0 D T . SR A U,
R T A% R A VR AT Ab B, e R 453541 DND
(Double Numerical plus D-functions), & H50ks & &
PRSI AL CSbrtE . VA SR AR 9 K5 i 41
PN, HIRERIR 2 2X107° Hartree, e KIWASAL
H 4 0.0005 nm, KA AT 255 T E MOF Aok 15
PLa 7.

E FLIBIK A R /A m A L /°) POEVEE “(geem ™) AL WK “Y(m’g ")
bio-MOF-1 tetragonal a=b=38237,c=11.1753 a=p=y=90 1.023 0.594 1700
bio-MOF-11 tetragonal a=b=15.43,c=22.775 a=p=y=90 1.234 0.393 1040
bio-MOF-100 cubic a=b=c=69.12 a=p=y=90 0.302 0.892 4300
UMCM-1 hexagonal a=b=41.5262,c=17.4916 a=p=90,y=120 0.39 0.889 4764

“Obtained from the XRD crystal data’ '?; ? Calculated in this work.
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RS M il BRI 0 PR B, O AN IR A
50 AMnFt R, RS IAGEFREAE 100 AN D
BR, {eiiAT3h 0% o R FH IE W R R AT v E 5, 1 [ [A)
B e A 1 fs.
47 SHHEARZE

FU AR AR 3 52 AT DAY B Myers, Monson!'”! Al
Babarao, Jiang!"® "¢ H i A Aok

V pore
1 U(r)
V pore—— Xp| — —— @ar (1)
P m ;[ [ ksl

K, Ur) & A He J5 15 MOFs BT S8 2 7] f4F
FH#A6E, m & MOFs ¥R i &

BRLE B4 He JRFAEAIRE 70+, IERE N
298.15 K, XM Widom i 14 A, 3l i Monte Carlo
FHRE TS V201 5545 2 MOF #4 BHALARL. He-He J5t 1~ 1]
(1) LT #Ae S50 H Talu 1 Myers (1) SCHRIRIE, o(A)
—2.64 Fl e/kg(K)=10.9. He J& 75 MOF MBI 4 5 T
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FLBEEE I F FLAR R MOF 4R} i) S AR 2 LA 31

¢: 14 pore / 14 total (2)

K@), View A it ML B AR,
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0
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