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Experimental Section 

Materials. R/S-3-quinuclidinol was purchased from Macklin and used as received. Iron 
chloride (FeCl2) and hydrochloric acid (HCl) were sourced from Adamas, while 
methanol was obtained from Aladdin. Given the high sensitivity of Fe2+ to oxygen, all 
the experimental procedures were meticulously conducted under an inert atmosphere 
to avoid oxidation.

Single-crystal X-ray diffraction (XRD). The single-crystal X-ray diffraction (XRD) 
data were collected on a Rigaku Oxford diffractometer (Cu Kα, λ=1.54184). The 
SHELX program package on the Olex2 program was used to solve the structural data 
and perform structural refinement. CCDC 2392645-2392646 contains the 
supplementary crystallographic data for this paper. These data can be obtained free of 
charge via www.ccdc.cam.ac.uk/data_request/cif, by emailing 
data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data 
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

Powder X-ray diffraction (PXRD). The variable-temperature powder X-ray 
diffraction (PXRD) data were collected by using a Rigaku D/MAX 2000 PC X-ray 
diffraction system. Cu Kα radiation was employed with a 2θ range of 5-40° and a step 
size of 0.02°.

Thermogravimetric Analysis (TGA) Measurements, Differential Scanning 
Calorimetry (DSC), and Second Harmonic Generation (SHG) and Dielectric 
Measurements. TGA from 300 to 900K was performed by using PerkinElmer TGA 
8000. The DSC measurements were recorded on a NETZSCH DSC 200 F3 instrument. 
The crystalline samples were heated and cooled at a rate of 10 K·min-1 in an aluminum 
crucible under a nitrogen atmosphere. SHG measurements were performed by FLS 920, 
Edinburgh Instruments using an unexpanded laser beam with low divergence (pulsed 
Nd: YAG at a wavelength of 1064 nm). The laser is Vibrant 355 II, OPOTEK. The 
complex permittivity in the temperature range of 320-370 K was measured by using 
Tong hui TH2828A.

Figure S1. Photograph of the crystal of (a) (R-HQ)2FeCl4 and (b) (S-HQ)2FeCl4.



Figure S2. Experimentally measured VCD and IR spectra for (R/S-HQ)2FeCl4.

Figure S3. (a) Visualization map of the distribution of the interactions and the 2D 
fingerprint plots of (S-HQ)2FeCl4. And the 2D fingerprint plots of Hi−H (b), Hi−Cl (c), 
and Hi−O (d) of (S-HQ)2FeCl4.



Figure S4. DSC curves of (S-HQ)2FeCl4 in a heating-cooling mode.

Figure S5. (a) TGA curves of (R-HQ)2FeCl4. (b) TGA curves of (S-HQ)2FeCl4.

Figure S6. (a) Temperature-dependent SHG responses of (R/S-HQ)2FeCl4.



Figure S7. (a)The measured and simulated PXRD patterns of (R-HQ)2FeCl4. (b)The 
variable-temperature PXRD patterns of (R-HQ)2FeCl4. (c)The measured and simulated 
PXRD patterns of (S-HQ)2FeCl4. (d)The variable-temperature PXRD patterns of (S-
HQ)2FeCl4.

Figure S8. (a) The dielectric measurements of (S-HQ)2FeCl4. (b) Temperature-
dependent dielectric constants of (R-HQ)2FeCl4 at different frequencies. (c) 
Temperature-dependent dielectric constants of (S-HQ)2FeCl4 at different frequencies. 
(d) The dielectric switch test of (S-HQ)2FeCl4.



Figure S9. Load-displacement curves of the single crystal (a) (R-HQ)2FeCl4, (b) (S-
HQ)2FeCl4 crystals were measured.

Figure S10. Measurements of d33 value of (a) (R-HQ)2FeCl4 and (c) (S-HQ)2FeCl4.

Figure S11. A blank device without piezoelectric crystals generated weak output 
voltages for the piezoelectric energy harvester. 



Table S1. Crystal data and structure refinement for (R/S-HQ)2FeCl4 at 293 K.

Molecule (R-HQ)2FeCl4 (S-HQ)2FeCl4

Temperature 293K 293K

Crystal system Orthorhombic Orthorhombic

Formula weight 452.02 452.02

Space group P212121 P212121

a/ Å 12.9615(3) 9.6552(14)

b/ Å 9.5813(2) 13.0538(15)

c/ Å 15.9455(3) 16.078(2)

α/° 90 90

β/° 90 90

γ/° 90 90

Volume/ Å3 1980.24(7) 2026.4(5)

Z 4 4

Radiation Cu Kα(λ=1.54184) Cu Kα(λ=1.54184)

ρcalc g/cm3 1.516 1.482

F (000) 936.0 936.0

GOF 1.058 1.096

R1[I > 2σ(I)] 0.0595 0.0525

wR2[I > 2σ(I)] 0.1698 0.1683



Table S2. Hydrogen Bonds for (R-HQ)2FeCl4 at 293 K.

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/°

O1 H1 Cl1 0.65 2.41 2.959(9) 144

N1 H1A O1 0.98 1.81 2.754(10) 161

N1 H1A O3 0.98 1.88 2.833(17) 163

N2 H2 O2 0.98 1.85 2.800(9) 164

O2 H2A Cl4 0.82 2.32 3.126(7) 166

C1 H1B Cl2 0.97 2.80 3.540(7) 134

C13 H13A Cl1 0.97 2.66 3.631(11) 177

Table S3. Hydrogen Bonds for (S-HQ)2FeCl4 at 293 K.

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/°

N1 H1 O1 0.98 1.84 2.7899 162

N1 H1 O1A 0.98 1.93 2.88615 163

O1A H1AA N1 0.82 2.47 2.88615 113

O1 H1B N1 0.82 2.33 2.7899 116

O2 H2 Cl3 0.82 2.34 3.1405 165

N2 H2B O2 0.98 1.89 2.8469 164

C4 H4B Cl4 0.97 2.82 3.5666 134

C10 H10B Cl2 0.97 2.69 3.65911 177



Table S4. The comparison of piezoelectric coefficients d33 of different types of 
compounds.

Compound type compound d33(pC/N)
BTO[001](poling)1 110
LiNbO3

2 11Inorganic
oxides

ZnO3 3
[AH][ReO4]4 90
TGS5 22
This work 21
[Me3NOH]2[KFe(CN)6]6 20
HQReO4

7 19
[N-
methylpyrrolidinium]3Sb2Br9

8
12

(R-3-
hydroxypyrrolidinium)2RbBiBr6

9
11

[(C2H5)4N][FeBrCl3]10 7.7
Rochelle Salt11 7
(C4H9NH3)2PbCl4

12 5.5

Ionic
crystals

hybrid
compounds

[3-pyrrolinium]MnCl3
13 4

5-lodo-2-adamantanone14 5
Croconic acid15 5
Lysozyme16 6.5
DL-alanine17 4.8

single-
component
compounds

Small intestinal submucosa18 4.1
PVDF19 28
ploy(L-lactic acid)20 10.2

Molecular 
crystals

polymers
Nylon-1121 2
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