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Supramolecular Structure, Thermal Property and Sustained-release of
Captopril-intercalated Zn/Al-layered Double Hydroxides
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Abstract: The antihypertensive compound captopril (Cpl) anion pillared Zn-Al layered double hydroxides were
assembled by coprecipitation and anion exchange methods. The samples thereby obtained were characterized by
XRD, FTIR, UV-Vis, TG-DTA and ICP measurements. The results show that the original interlayer nitrate anions of
the hydrotalcite can be replaced by captopril anions to obtain captopril intercalated Zn-Al layered double hydroxides
with good crystallinity. XRD analyses indicated that the interlayer spaces of as-synthesized Cpl-LDHs are 1.955 nm
to 2.053 nm. The comparison was made between the above results and three-dimensional molecular size of Cpl ion
calculated from the PM3 semi-empirical molecular orbital method. The captopril guests were arranged with
alternately and bilayer tilted (along the long axis orientation in proper angle) between layers. It was found that the
interaction of the host layers and the guests is through hydrogen bonding and electrostatic attraction, confirming that
the intercalated hydrotalcite has a supramolecular structure. The thermal stability, and sustained-release of captopril
anion-pillared hydrotalcite were enhanced to a considerable extent, comparing with that of captopril. The release
profiles were fitted by the theoretical models of Higuchi and Korsmeyer-Peppas, the fitting data primarily agree with
the experimental results, indicating that the release of Cpl ion from Cpl-LDHs is based on Fickian diffusion

mechanism.
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Brati(99% , BN i LAk 223300 )ikl AR & it
P R 25 85 /K8 Bk & Co, 1K,
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I 1.31 g(6 mmol) K +& ¥ F (Captopril , fii 5 K
Cpl) #10.80 g (20 mmol) NaOH ¥ F 50 mL % &+
KB HTE R 50 mL & A 1.78 g(6 mmol)Zn(NO5),-
6H,0 F1 1.13 g(3 mmol) AI(NO3);+9H,0 M H1 N,
PRI R, KR R pH EEHIAE 9.0~9.5 T

1EAE Cpl-LDHs(co).,
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Zn/A1-NOs-LDHs (nz/ny =2.03) (LA T # F NOs-
LDHs 2 7%) AR 415 SCHRUOSR Y 235002 2 1 45 1m0 45 it
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B 1. 31 g(6 mmol) Cpl % T 50 mL 258 1K,
FEH 1.00 g NOs-LDHs % 7 50 mL 28 1K SR
S P WOR A N, PR R sm ZUBE+ ¥ k & pH {E
FEHITE 5.0~5.5 T 65 CINL 24 h, W& vk
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H Shimadzu XRD-6000 % X 5F £& ¥ K A7 51X
(Cu 8 Ko T2 Ni U3 ,1=0.1542 nm, 20 JE [ 1.5°
~T70°) I 7 A ) SR AR S5 A

K H Bruker Vector 22 78 B IH- A5 6 2T 41 5 i
A BT S B 25 4 (B i 5 KBr B9 BT A LK R 1/100),
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Fig.1 XRD patterns of samples
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Table 1 Chemical composition of samples
Sample wml %o wayl % ws! % wel %o wyl % wxl % wol % Chemical formula
NOs;-LDHs 36.99 7.57 - - 2.72 3.92 48.80 [Zn657A1033(0OH),](NO5 o33+ 0.60H,0
Cpl-LDHs (th) 26.12 534 633 2137 457 277 3350  [ZnogAlos(OH))(CsHuSNO:)os- 0.50H,0
Cpl-LDHs(ie) 30.02 5.87 4.63 16.07 4.23 2.03 37.15 [ZngesAlos(OH),|(CoH 1 SNO3)g213(C O )oosna 0.62H,0
Cpl-LDHs(co) 29.67  5.80  4.65 1612 429 204 3743 [ZnpsAlon(OH)NCoHSNO: ome(COF)osir- 0.68H,0
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&l 3 52 Cpl.Cpl-LDHs(ie) & Cpl-LDHs(co)fJ TG-
DTA gk, | Cpl 9 TG M (& 3a)F& A7 LK Cpl
15 E R 3 A B, 1 58 (50~120 C)a K T
W BRE 7K R B R, X0 ) DTA - ZAE 110 CbF 14
W BRI, 2 [ B2 (150~300 °C)J2& Cpl 1Y A Ak 53 i K
TR AR | XTI T 240 °CHT 280 CAb W #A I 55 =
B Bt (320~650 °C)J2& Cpl 19 58 4= S Ak 43 ik S ok B Ik
Be XN T 436 CHRYBIIE

AHRL Y, H1 Cpl-LDHs 19 TG £ (&1 3b #l o)t
¥ Cpl-LDHs WK KB 3 B, 5 —Br
BL(80~180 °C)J < [T 4 W B 7K K )22 1) 45 4y 7K 1) it
&, XF B T Cpl-LDHs (ie) & Cpl-LDHs (co) 73 5| 7
93 CHI 97 CHyML I | 55 — [ Br(180~400 °C)it )z

R 38 e 1) 5 o AR AR J2 2 44 Copl 199 38 43 48 53 ik 2 Tl
HRBE, XTI T Cpl-LDHs (ie) 2 Cpl-LDHs (co)7E
332 C L 355 CHY LA s e | AR R 3X 2 A
FES L4l Cpl MR 45 43 ik KA b 1Y I FE (240 C)3R =
T 100 CZEAT, X ELR W o TAFTERR Y 2R %
N, 24 Cpl 4fi A LDH J2 [A] B b4 R #1445 2]
TR, XS IR TSR E B, =
B Bt (420~650 C)TG M&A — TR BHEES,
Cpl-LDHs(ie) ) DTA HIZ7E 525 °C M 616 °C BT
I ) Cpl-LDHs(co)#) DTA HHZEAE 532 C L 610 CIH
T S X I T 2 8] Cpl-iY 58 4 S Ak 43 i S5 Bk be
X5 R A Cpl 78 4= BRI 19 1L (436 °C)AH LE [A] B
ABKRIEE IR,
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Fig.3 TG-DTA curves of samples
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M 1 R LLE | Cpl-LDHs B b7 ke 1)
REEFGFHAE . JZHEE d(003) /2 H1 )2 M )R (0.48 nm)
2 P 25 [ i BE A BRI | 2 — A 3h A d , FE R/ T
T2 B 0 /N B A )2 18] (4 HE A 75 =X 8 A2 i
& NOs-LDHs 19 )2 8 FE 24 0.89 nm, Cpl-LDHs (ie) Fl
Cpl-LDHs (co) 19 2 ] #E 43 5] 24 1.955 nm Al

2.053 nm, C. 41 LDHs ZEHEEH 0.48 nm!™ | LLJZ [A]
LU % R R IR il A 2 N 5 ) B2 TS NOs-LDHSs
4 0.41 nm,Cpl-LDHs (ie) F1 Cpl-LDHs (co) 43 4l A
1.475 nm #1 1.573 nm,,

M Gaussian 03 3XFHY PM3 2255 57+ L8
BT EAR S Cpl | A il AR EE 43 51 0.839
0.514 F10.359 nm(/& 4), 5 SCHRUSH 38 1) 500 LA
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8 0.839 nm, #fE I A fig 52 2 HE S W] BsF S/ T
AMUZTEHHES A 1.678 nm, 1A E T 31X — 85 g
T HES 5 sAFAE R T R A X T 55— i 1) 52 24 Sk AT
AL A B T L AY-COO5E Al 5 T i U i Al i
HAEM S LDHs 2R B ERIEARSS &, Rl aefl
FEE A B K SRR E - E ALK 4
(WAILVLTE 2 R i) JIr 7R (4 RUZ i 4t O X 52 B2 k1
EFW Cpl-Z [ Lh S-S BEZ5 & LUK in 25 44 Fa e
,l~$|20|o
2.4 ERIMERE

WU J2 )5 19 7= 9 Cpl-LDHs(co) A B KW 5% &
BLFE S R BEPERE L B S 251 T Cpl-LDHs(co) & Cpl
1 NOs-LDHs 14 BLE & W 7E AR pH (IR R T Y
ZReh g . MBI AT LIE 1 Cpl 1 NO,-LDHs %)
HUR G YITE pH=7.45 B pH=4.60 )RS R 5 R

WA 91.7% M 75.5% , 1E pH=4.60 & & T Cpl Bk
SRR AT RS TR R By Cpl FERRME 251 T
SRR, 5 Z A, Cpl-LDHs(co)7E M 7 22 o
PRZR T BRI )45 2 B B 4B K #F pH=4.60 4
F0H W, OB T 8] AT RFSE 40~60 min 1M 7E pH=
7.45 BYBAU AW, Cpl RSN ] B ] ZE 4 5] 90~
120 min, 7ESMYESAF T LDH EW & 0%, 5
L pH=4.60 I Cpl BB [ A X 4246 ;I 7€ pH=
745 AR T Cpl X B M FRF L BERGE 2, AT RE
2 BT 2 B B S 28w b B B R AR S 22 R] Y
A FH BT 5 | Ak e
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Fig.5 Release profiles of samples in buffer
solutions at different pH values

RS SRR SRS WA L, Cpl
JZ 259 - T LK T AR R B 0 2 PR X
LA A MR AT LIRS Cpl 2590 19 53 T 45 4 sl il
A

i T % %% Cpl A\ Cpl-LDHs #4864 i i) B il pIL 34
ST AR S LT P, R TR R S ) KAl
F AT Higuchi 1 % Fl Korsmeyer-Peppas 5% % (n=
0.45)HEAT LA . AR PE X SEAEARY | 4 5y 52 50 H50 40 421
AT B S B M TR B FE UL Cpl M Cpl-LDHs
AR TR Y 22 B ik AR R T A sE RO

R2AM TG ME R, 18 pH=7.45 Fl pH=
4.60 MIEWARZR T, X5 AL I LA OC R 2K

2 AEAMNEBERWNIHHBENINEER
Table 2 Fitting results of the Cpl release data to different release models

Higuchi Korsmeyer-Peppas (n=0.45)
Sample pH value
Slope R? Slope R?
Cpl-LDHs(co) 7.45 0.176 0 09719 0.058 5 0.991 7
4.60 0.052 0 0.962 6 0.175 8 0.985 6




1752 I ol A

N ERE

BIchy- (43 4 0.9719,0.962 6 Fi1 0.991 7,0.985 6),
XU A SR h 25 ) o3 1 BRI AT & T IE
MR,

3 &

AR SR AR GTUE B B8 346 (9 77 v v 1l 288
LW RILE A (Cpl) 4 A Zn-Al-NOs-LDHs (ny/ny=
2.03)JZ[H] XA LB FE AT T — R AR AE, XRD
FIR 45 2R ¥R, Cpl A B4 A NO,-LDHs JZ1H]
HA M Cpl-LDHs 45 & B2 R4, fhAH 5 — ;XRD #
fIE#3 3] Cpl-LDHs FJJZBIFE N 1.955~2.053 nm, S
it PM3 L2565 FHUEE LT R AR 2 Cpl- =
Y RSP AT A, HEM AR Cpl 20T Kl )y m 5 )2
B 5 — 5 AR BERUR R 7 SO AT HE A T2 S
F A JE A o U A DB OB 4 T A5 A O
#7 T Al AT 1% Cpl-LDHs W8 4> F 45 M BE AL TG-
DTA 7B, ¥ Cpl 4 A LDHs 28], Cpl HEEE
PEAF R 4Ry, HAAO R IR 2 4R & 100~150 °C,
Cpl HBETR 2B 2 W | & i Cpl-LDHs HA B 8 Y
SEREMERE , B [ B 15 min 425 2 120 min; 78
S9R M54 T LDH )2 M2 3840 i, 5 3L pH=4.60
I Cpl BRI [ AR AT 85850 5 >4 pH {E 2 7.45 1), i
TR HAFTEA U 2 8 1 SRR AR 1 B 1 2 4k
R B 018 HRRS2 01T R RS 0 8540
4 Higuchi & Korsmeyer-Peppas 9 HUB L | 15 B A<
S Cpl BRERCAR S bWy & FE SC 4 BOL B, AL
WA B YRR A VR A PR e P Bk 1Y
A
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