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K1 CUR (a) 5 CTL (b) M5 T45#4
Fig. 1. Molecular Structure of CUR (a) and CTL (b).
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Fig. 2. THz spectra of CUR, CTL, CUR-CTL physical mix-
ing, and CUR-CTL co-crystal.
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SPSEGi. thiE 3 I, CUR 7E 7.88°, 13.94°, 15.56°,
16.34°, 17.47°, 26.16°, 27.02°, 28.14°F1 28.96°
FrpFge A Sl CTL 7F 16.22°, 20.02°, 23.6°,
24.52°,24.86°, 32.38°, 32.78°, 33.58°, 33.96°, 34.42°
(1) R i g 7E 2 & i 2k T CUR-CTL 3£ & 78
11.22°, 13.6°, 20.86°F1 21.56° HFL 1 B4 20,

— CTL
— CUR
—— CUR-CTL

-

Intensity /counts

5 10 15 20 25 30 35
3 CUR, CTL, CUR-CTL 3t 19 X 17 5 52 5y 33
Fig. 3. X-ray diffraction experimental spectra of CUR,

CTL, and CUR-CTL co-crystal.
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Fig. 4. Molecular structures of CUR-CTL co-crystal: (a) Form I; (b) form II; (¢) form III; (d) form IV.
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Fig. 5. Experimental and simulated THz spectra of CUR-
CTL co-crystal.

1 AP TS o B A . ik 1
fiiR, @6t C10=03---H55—061 MIESf#E C10=
03(CUR) Ry 0.12984 nm 4% 0.12131 nm,
061—H55(CTL) 8 K 1 0.08141 nm 3] T
0.09698 nm, {154 ff ~ C34C1003 Hy 117.96300°
M2 124.79870°, Hff £ C49061H55 Hi 111.14600°
M2 116.49998°, Hirf C61—Hb55 A4 K ARk 5XF
TR 29 OIS R — B A e mT DL, UG A A
AT CUR 5 CTL 43 TN HISE S5

R OEWRGUE BRI

Table 1. Bond length and bond angle of curcumin and

catechol.

Bond length/nm CURM CTL®!  Co-crystal
C10=03 0.12984 — 0.12131
061—H55 — 0.08141 0.09698

Bond angle/(°) CUR CTL Co-crystal

£C34—C10—03 117.93600 — 124.79870

£ C49—061—H55 — 111.14600 116.49998

7 22 CUR-CTL 3 AR S2 50 50 5 2138
AU AR, T He S S0 HdR T, CUR-
CTL AR ALE 1.03 THz(# 6(a)) AL AYIR IR
H T CUR 27 iiss C34—C10—C32 5N, %
BT IR R2 fiSMEL), I &5 C10=030--
H55-—061 7 8l) CTL 43 B 1H N1 3); 1.95 THz
(] 6(b)) &b B4R S F AR E T CUR 43 F -
C16H, 5 7K 3 R2 #1841 2y, [R] s 3 5 &
C10=030---H55—061 45l CTL 7T fish
#3); 3.34 THz(I& 6(c)) 4b AR R 32 2 2R I T
A4 C10=030---H55—061 1 {# 45 F1 CUR Fit 5%
C30—C32—C10 W#3), [ 34 R2 5 R1
[ MES).

3 33 S SRR R U 40, &3 1.03 THz
W AU 2 A VB ) i 3l T 1l 40 2R il A B 5
LR MBREE K3 R2 JLE =, Horp4log
T E AR LRI B, T A4S 22 8 R ) 55 IR
W AE AL R I 1.95 THz Byl A4S T2
HE I R2 A CH, (5 WAL 3l 4B2K —
VR AR A S 455, T LA AS- A1 2K — i i s Wz ke
U6 1.95 THz 783 5 b i LSS ; 3.34 THz &
T RS T = A A R e, 2B
FBREEVE A s R G R . AR, S i
3 WS 1) SR PR AR AN 2 A 3 BIVE T, TR TE
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% 2 CUR-CTL 3t RS A S 2
Table 2. The results of experimental and calculated data of CUR-CTL co-crystal.

Frequency/THz
Vibrational mode
Expt. Theo.
1.03 1.03 Bending of C34—C10—C32, Out-of-plane oscillation of R2 and R2, In plane oscillation of CTL
1.95 1.95 Out of plane torsion of -C16H3 and R2, Out of plane rocking oscillation of CTL
331 334 The stretching vibration of hydrogen bond C10=030---H55—061, Swing of C30—C32—C10, Out-of-

plane oscillation of R2 and R1

16 CUR-CTL M 7ERRIEM RSN (a) 1.03 THy;
(b) 1.95 THz; (c) 3.34 THz

Fig. 6. Vibrational modes of CUR-CTL co-crystal at differ-
ent peaks: (a) 1.03 THz; (b) 1.95 THz; (c) 3.34 THz.
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6 1~ 34~ K 4 /> THz Mol L@ 3iqs 3 il
W, 4967 F 1.03, 1.95 THz H1 3.31 THz, Ik
WA S L SRR A o B L PRIR SR i, UBH 3
AT IR B BT B 5 4549, teak, 158
X A5 2835 56 9E T THz-TDS ] IR 4 5¢ jili Ak
Y RAE . FE T %2 sRBRE, 4l T CUR-CTL
LA T RETFAERY 4 R TR AULE My, BF 70 45 SR R W SL i
TR Z S f PR 22 R RN AR A 43 il o R A
AR, S5, FET THz SSR WIS 5 B 50
B R DERC SR, 4B IE 9 T 35 THz Welicid i
KR, K IF THz WISOEAS 2R IR T 545011
PR, i m i & C10=030---H55—061 i
Do F 0 E e B L R R 305 1R 8. ABFROE R
CUR-CTL A4 RAE | S50 F S5 I R AR
WA R AR A R 25 5.
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Abstract

Curcumin (CUR) is a commonly used pharmaceutical with anti-inflammatory, antioxidant and anti-cancer
effects, but its solubility in water is relatively low. In recent years, pharmaceutical co-crystal has been an
effective method of enhancing the solubility of limited water-soluble pharmaceuticals. Based on this, terahertz
time-domain spectroscopy (THz-TDS) is used to study the THz spectra of curcumin-catechol co-crystal. Firstly,
the experimental spectra of curcumin, catechol (CTL), their physical mixture and their co-crystal are measured
in a range of 0.5-3.5 THz, respectively. The experimental data show that CUR obtains six THz absorption
peaks, while CTL possess three THz absorption peaks, the physical mixture obtains four absorption peaks, and
their CUR-CTL co-crystal obtains three absorption peaks. These results indicate that THz-TDS can effectively
identify curcumin, catechol and their co-crystals. The fact that the absorption peak at 3.31 THz obtained in co-
crystal is entirely different from those of raw materials, implying that new weak interactional forces are
generated between CUR molecule and CTL molecule, the co-crystal forms a new three-dimensional structure
compared with their raw materials. These results are also verified by X-ray diffraction spectra of raw material
and their Co-crystal. Moreover, four possible theoretical forms of curcumin-catechol co-crystal are optimized
and simulated by using density functional theory (DFT). The calculated results indicate that the data of co-
crystal form III are in good agreement with the experimental spectrum, and the simulation effectively
reconstructs the experimental spectrum. So it can be inferred that the co-crystal is formed through the
hydrogen bond between the carbonyl C10=03 of CUR and the hydroxy O61—H55 of CTL. In addition,
depending on the good match between experimental data and theoretical results, it is found that the three
absorption peaks in the co-crystal do not origin from the action of a single molecule, but the joint action of the
functional groups of the two molecules under the driving by the hydrogen bond. The existence of weak
interaction forces, such as the hydrogen bond, not only changes the structural parameters of the two molecules,
but also reestablishes a new intermolecular force, which then affects the interactional motions of the co-crystal.
This fact directly leads the CUR-CTL co-crystal to exhibit THz absorption peaks different from those of raw
materials in the THz band.
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