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Figure S1 (a) Crystal structure of FeCl; viewed along the ag-axis. (b) Single layer of FeCl; showing the

in-plane honeycomb lattice. (c) Fe-Cl bond distances in A for octahedra belonging to the P3, (left)
and R31 (right) polymorphs of FeCl; viewed along the c-axis.



Table S1 Structure refinement parameters for FeCl;. The numbers in parentheses indicate estimated

standard deviations.

Table S2 Fractional atomic coordinates and equivalent isotropic displacement parameters (A2?) for
FeCl;. The numbers in parentheses indicate the estimated standard deviations.

Temperature (K) 100

Formula FeCl;

Formula weight (g/mol) 162.2

Crystal Size (mm?) 0.1x0.1x0.02
Crystal color Black

Crystal habit Hexagonal
Crystal system Trigonal

Space group

P3; (no. 144)

Z 6

Density (calculated) (g/cm?3) | 2.932

F(000) 462

a(A) 6.0560(15)

b (A) 6.0560(15)

c(A) 17.354(5)

a(?) 90

B (°) 90

v (%) 120

Volume (A3) 551.2(3)

1 (mm1) 6.013

Transmission min/max 0.0022/0.0230

0 range (°) 7.044 t0 51.112

Index ranges -7<h<?7
-7<k<7
-21<1<20

Data/restraints/parameters | 1293/1/68

GOOF of F? 1.155

# total reflections 10808

# unique reflections 1293

# observed Fo > 40(Fo) 1013

Rint ! > 30(1) 0.0719

Ryigma 0.0376

R1 [Fo > 4o(Fo)] 0.1426

R1 [all data] 0.1605

wR2 [Fo > 40(Fo)] 0.2930

wR2 [all data] 0.2997

Largest peak/hole (e/A3) 2.31/-1.98

Flack parameter 0.4(3)




Atom X y z U(eq)
Fe01 0.3550(30) 1.0210(30) 0.5004(4) | 0.025(2)
clo1 0.3310(30) 0.3300(30) | 0.5793(7) | 0.025(3)
Clo2 0.6770(30) 1.0320(30) 0.5792(7) | 0.028(3)
Clo3 0.0350(30) 0.6890(40) 0.5792(8) | 0.0314(19)
Fe02 0.0170(20) 0.3450(30) 0.5007(5) | 0.040(3)
Clo4 0.3240(40) 0.6780(50) | 0.4226(8) | 0.044(4)
Clo5 0.6780(30) 1.3140(30) 0.4228(8) | 0.0314(19)
Cloé 0.0440(40) 0.0300(40) 0.4223(8) | 0.041(4)

Table S3 Anisotropic displacement parameters (A2 x 103) for FeCl;. The numbers in parentheses
indicate the estimated standard deviations.

Atom Uy, Uy, Us3 Uys Uy Uy,

Fe0l 8(4) 9@a) | 476) | 24)| 24| -4(2)
clol 35(7) 19(6) 24(5) 1(5) -8(6) 15(5)
clo2 13(6) 21(7) 34(7) 5(5) 3(5) -3(5)
Clo3 23(5) 27(5) 36(4) 1(5) -3(5) 6(4)
Fe02 43(5) 48(6) | 23(4)| 24)| -18)| 19(4)
Cloa 2109) | 59(10)| 32(7)| 7(7)| 9(7)| 25(8)
Clo5 23(5) 27(5) 36(4) 1(5) -3(5) 6(4)
Cloé 38(8) 46(8) 36(8) -1(6) 3(6) 17(7)

Table S4 Bond lengths (A) for FeCl;. The numbers in parentheses indicate the estimated standard
deviations.

Atom | Atom | Length Atom | Atom | Length
Fe01l | ClO1 2.38(2) Fe02 | Clo1 2.382(14)
Fe01 | Cl0O2 2.354(15) Fe02 | Cl02 2.40(2)
Fe0O1 | CIO3 2.403(19) Fe02 | Cl0O3 2.45(2)
Fe0O1 | Clo4 2.40(2) Fe02 | Clo4 2.37(2)
Fe0O1 | CIO5 2.305(17) Fe02 | ClO5 2.383(19)
Fe0O1 | Cl0O6 2.34(2) Fe02 | Cl0O6 2.41(2)

Table S5 Bond angles (degrees) for FeCl;. The numbers in parentheses indicate the estimated standard
deviations.



Atom | Atom | Atom Angle Atom | Atom | Atom Angle

Clol | FeO1 | ClO3 89.4(6) Clol1 | Fe02 | Cl02 91.8(6)
Clol | FeO1 | Clo4 173.1(7) Clol1 | Fe02 | CIO3 90.9(7)
Clo2 | FeO1 | ClO1 91.0(6) Clo1 | Fe02 | CIO5 174.2(9)
Clo2 | FeO1 | ClO3 90.1(6) Clol1 | Fe02 | Clo6 85.5(6)
Clo2 | FeO1 | Clo4 93.3(8) Clo2 | Fe02 | ClO3 90.7(6)
Clo3 | FeO1 | Clo4 85.1(6) Clo2 | Fe02 | Clo6 93.9(6)
Clo5 | FeO1 | ClO1 95.4(7) Cloa | Fe02 | ClO1 93.3(5)
Clo5 | Fe01 | ClO2 86.9(6) Clo4a | Fe02 | ClO2 173.3(7)
Clo5 | FeO1 | ClO3 174.3(9) Clo4 | Fe02 | CIO3 84.9(7)
Clo5 | Fe01 | Clo4 90.3(8) Cloa | Fe02 | ClO5 91.2(7)
Clo5 Fe01 | Clo6 91.5(7) Cloa Fe02 | ClO6 90.8(7)
Clo6 FeO01 | Clo1 87.1(6) Clos Fe02 | Cl02 84.0(6)
Clo6 Fe01 | Cl02 177.4(7) Clos Fe02 | ClO3 93.1(5)
Clo6 | FeO1 | ClO3 91.6(5) Clo5 | Fe02 | ClO6 90.8(7)
Clo6 | FeO1 | ClO4 88.8(6) Clo6 | Fe02 | Cl03 174.2(7)
Fe0l1 | Cl01 | Fe02 93.6(6) Fe02 | Cl04 | FeO1 95.9(8)
Fe0l1 | Cl02 | Fe02 93.6(6) Fe0l1 | CIO5 | Fe02 95.5(7)
Fe0l1 | Cl03 | Fe02 94.1(7) Fe0l | Cl0O6 | Fe02 93.8(7)
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Figure S2 (a) Real and (b) imaginary components of the AC magnetic susceptibility plotted against
temperature. A DC bias of 200 Oe was applied with a superimposed AC signal of 3.8 Oe oscillating at
the four different frequencies indicated in the legend.
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Figure S3 NPD data collected at 30 K fitted using the faulted structure of FeCls. The difference
between [(calc) and I(0bs) js plotted in blue.
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Figure S4 NPD patterns of two FeCl; samples measured at T = 2 K using the PEARL diffractometer at
TU Delft (A = 1.667 A). The ‘Groningen’ label refers to the sample grown from 99.6 % pure starting
material by the sublimation method that is the focus of the main manuscript, and the ‘Dresden’ label
refers to a second sample grown by chemical vapor transport in a Cl, atmosphere (see Experimental
Methods for details). The arrows indicate the positions of the magnetic Bragg peaks, demonstrating
that the k-vector of (1/2, 0, 1/3) is the same for both samples. Note that the broad feature
associated with a high concentration of stacking faults is also observed in both samples at 260 = 20°.



Figure S5 (a)-(b) Photographs of a large hexagonally faceted single crystal of FeCl; grown by method
2. (c)-(d) Photographs of open aluminum SANS sample containers containing single crystals grown by
methods 2 and 3 respectively. (e) Custom-built Bridgman-Stockbarger furnace with an arrow pointing

from the high to the low side of the temperature gradient.
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