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Experimental:
Synthetic reagents: All reagents and solvents used in this project were obtained from
commercial sources and used without further purification.

Synthesis of [Fe:Ls](BF4): 0.35 mmol of 4,4'-(1,1'-Biphenyl-4,4'-diyldioxy)dianiline was
dissolved in methanol (15 mL). To this a solution of 0.70 mmol 4-thiazolecarboxaldehyde in
5 mL of methanol was added dropwise. The resulting off-white suspension was heated to reflux
and stirred overnight under an inert atmosphere. Due to poor solubility of the resulting ligand
L, it was decided that the dried product would be used without further purification. To a stirring
suspension of L, 0.23mmol Fe(I1)BF4.6H>0 (0.23 mmol) in 10 mL of acetonitrile was added
dropwise at room temperature. The reaction mixture was then stirred and heated to reflux for
3 hours, the resulting bright-orange/red clear solution was filtered. Diethyl ether vapour
diffusion into this reaction mixture yielded deep red X-ray quality crystals. The crystals were
allowed to dry in air (Yield 68%). HR ESI-MS (positive ion mode, CH3CN, m/z): Calc. for
[FeaLs]**, 446.8071; exp. found; 446.8000.

Physical Characterisations: High resolution ESI-MS data was obtained on a Waters Xevo
QToF mass spectrometer operating in positive ion mode. Calibration of high-resolution masses
was achieved using a Waters lock-spray system.

TGA and DSC was measured using a simultaneous thermal analysis NETZSCH STA449
Jupiter instrument. STA measurements were conducted using Argon for both the purge and
protective gases; an aluminium crucible and a temperature range of 30 — 473K at a rate of 10K
per minute.

Powder X-Ray Diffraction experiments were performed at the Advanced Materials
Characterisations Facility at Western Sydney University, using a Bruker D8 Advance XRD
with a LYNXEYE XE-T position sensitive detector. Measurements were collected at room
temperature from 2.5-60° 20 with a step size of 0.01° at a rate of 2 seconds per step. Samples
were mounted on a low background silicon XRD sample holder using amorphous grease to
disperse the sample. Rietveld refinements were carried out using TOPAS Version 6.

Magnetic susceptibility measurements were conducted using a Quantum Design SQUID
magnetometer calibrated against a standard palladium sample. The data was collected using
filtered single crystals taken directly from diffusion vials. Measurements were collected
between 10 K 400 K, holding for 30 minutes at 400K to ensure solvent loss. Measurements
were taken under an applied field of 0.5 T at a scan rate of 4 K per minute.

Mdossbauer experiments were carried out using a Wissel MV T-1000 Mdssbauer spectrometer
with a %'Co/Rh source in a constant-acceleration transmission spectrometer (Topologic
Systems) equipped with a closed-cycle helium refrigerator cryostat (lwatani Co., Ltd.). All
isomer shifts are given relative to a-Fe at room temperature.

The X-ray crystallography experiments were performed at the Australian Synchrotron, using
silicon double crystal monochromated radiation at 100, 150, 200 and 250 K.**The crystal was
rotated through Phi angle of 1-360 degrees. Data integration and reduction was undertaken
with XDS.* An empirical absorption correction was then applied using SADABS at the
Australian Synchrotron.* The structures were solved by direct methods and the full-matrix
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least-squares refinements were carried out using a suite of SHELX programs®® via
the OLEX2 graphical interface.” Non-hydrogen atoms were refined anisotropically except
where mentioned below. Carbon-bound hydrogen atoms were included in idealised positions
and refined using a riding model. The crystallographic data in CIF format has been deposited
at the Cambridge Crystallographic Data Centre with CCDC 1997271-1997274. It is available
free of charge from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1 EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. Specific
refinement details and crystallographic data for each structure are present below in the
crystallographic section.
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Thermogravimetric Analysis:

The TGA-DSC was carried out for [FezL3](BFa4)4 after being dried at room temperature (Fig.
S1) confirms a small amount of solvent loss as indicated with a weight loss (calc. 2.35%).

TG 1% DSC /(mVW/mg)
T ex
1001, Mass Change: -2.35 %
' —}oo0
90 1
F-0.2
80 1
\ F-0.4
70 A
F-0.6
60 1
50 A F-0.8
60 80 100 120 140 160 180 200

Temperature /°C
Main 2019-07-03 04:23 User: user

Instrument : NETZSCH STA 449C File : C:\NETZSCH \Proteus61\data\Kyle\2019-07-0112019-07-01 KH4 FeBF4 30-250C 10K per min Ar Ar 2GmL.ngb-dsu

Project: Temp/Sensitivity Calib_. Material : Baseline Segments : 272

Identity : KH4 FeBF4 Correction file Haselne 2019-0/-01 30f0h40 10K per min P? PG Ar25ml autovac ngh-bsu Crucible : DSCAGp
Dateftime :  2/07/2019 11:50:06 PM | Temp.Cal./Sens. Files : STA - Aluminium Pan - ARGON 25mL - Heat Rate 10K.ngb-tsu / STA - Aluminium Pan - ARGON 25mL - Heat... | Atmosphere : Ar/ Ar
Laboratory : Ric's Lab Range : 30.0°C/10.0(K/min)/250.0°C TG corr./m. range :  020/5000 mg
Operator : Sample car/TC : DSC(TG)HIGHRG 4/ & DSC corr./m. range : 020/5000 pV
sample : KH4 FeBF4,3.58 mg  Mode/type of meas.: DSC-TG / sample with correction

Created with NETZSCH Proteus software

Fig. S1: TGA-DSC for [Fe2L3](BF4)sdried at room temperature.
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Mass Spectrometry:

The HR ESI-MS was carried out on compound [Fe;L3](BF4)s dissolved in acetonitrile, the
isotopic distribution pattern observed (Fig. S2) is consistent with the quadruply charged
[FezLs]** species, the calculated m/z 446.8000 is in good agreement with the experimental m/z
446.8071.

[Fe,Ls]*
100- 446.8000
100- 446 8071
165457 e i Calc [Fe,Ls]*
" 2 447.3072
4475572
1.447.0544 446.0575 4463082 447.8072
| | | 448.0572
0 r r —L
100- 446.8000
446 5457
Exp [Fe,Ls]*
=
1.447 3088 % p—
447 5500
446.0507 4463048 447.7911 s
¢ I R o
’ 446 447 448 Lz
1.447 5500
610.7476
446.3048.] 611.0763
601.73471_611.4052
}06,0668 N
| 2450817 611.7496
B e S e e R R e AEEEmETEEs e m/z

200 400 600 800 1000 ~ 1200 = 1400 = 1600 1800

Fig. S2: HR ESI-MS Spectra of [FezL3](BF4)4
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Powder X-Ray Diffraction:

Rietveld refinements were performed in TOPAS version 6 using the SPVII fitting function.
The following equations were used to calculate the criteria of fit given below (Yo,m and

Yc,m are the observed and calculated data respectively at the data point m, Bkgm =
background at data point m, M = the number of data points, P = number of parameters and

wm = weighting given to data point m);

Explanation of terms used in fitting;

R-pattem -R - T|Yom=Ycm|
p X¥om

R-pattern (background corrected) - R yiy, p-venm|
PI=c——— -
ZlYo.m—Bkgml

R-weighted pattern - R, \/R W (Yom—Yem)?
p= o

2wmYom

R-weighted pattern (background corrected) - Ry, = JRp W (Yom—Yem)?

ZwmYom

R-expected - Rgypy= R _ ym-p

Twm¥?,m

=
Swm(¥20m— Bkﬂm)

R-expected (background corrected) - Reyp, = \/R TM-P
Ry

Goodness of fit - GOF =

exp

As can be seen the RT PXRD experimental pattern is in excellent agreement with the calculated
pattern generated from the crystal structure indicating the single crystal structure is
representative of the bulk sample at 250 K.
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Fig. S3: Rietveld fit of [Fe:L3](BF4)a SCXRD at 250K vs PXRD at 293K (RT). The upper
portion of the figure shows the overlap of the experimental PXRD pattern (blue) against the
calculated pattern generated from the crystal structure (red). The difference plot is shown in

grey.
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Single crystal:
Tables of Crystallographic data:

1at 100 K:
Table S1:

Empirical formula Ci045H76.5B4F16F€2N1606.5S6
Formula weight 2311.61

Temperature/K 100

Crystal system orthorhombic

Space group Pna2;

alA 19.637(4)

b/A 27.707(6)

c/A 19.921(4)

a/° 90

/e 90

v/° 90

Volume/A3 10839(4)

Z 4

pealcg/cm?® 1.417

w/mm 0.472

F(000) 4718.0

Crystal size/mm?® 0.02 x 0.01 x 0.005
Radiation MoKa (A =10.71073)

20 range for data collection/® 2.518 to 64.492

Index ranges -28<h<28,-39<k<39,-29<1<29
Reflections collected 193699

Independent reflections 34115 [Rint = 0.0455, Rsigma = 0.0281]
Data/restraints/parameters ~ 34115/316/1598
Goodness-of-fit on F2 1.036

Final R indexes [[>=25 (I)] R1=0.0582, wR, =0.1770
Final R indexes [all data] R1=0.0688, wR2 = 0.1904
Largest diff. peak/hole / e A® 1.29/-1.01

Flack parameter 0.51(2)

Experimental

Single crystals of 1 at 100 K were formed by Diethyl ether vapour diffusion into a solution of
1 in acetonitrile. A suitable crystal was selected and cold mounted in a carbon dioxide
atmosphere in cryotox oil. The crystal was kept at 100 K during data collection. Using Olex2
[1], the structure was solved with the ShelXT [2] structure solution program using Intrinsic
Phasing and refined with the ShelXL [3] refinement package using Least Squares minimisation.
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1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009),
J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal structure determination of 100 K

Crystal Data for CiossH765B4F16Fe2N16065Ss (M =2311.61 g/mol): orthorhombic, space
group Pna2; (no. 33), a =19.637(4) A, b =27.707(6) A, c =19.921(4) A, V =10839(4) A%, Z =
4, T= 100K, w(MoKa) = 0.472 mm, Dcalc = 1.417 g/lcm®, 193699 reflections measured
(2.518° <20 < 64.492°), 34115 unique (Rint = 0.0455, Rsigma = 0.0281) which were used in all
calculations. The final Ry was 0.0582 (I > 2o(I)) and wR2 was 0.1904 (all data).

Refinement model description
Number of restraints - 316.

Details:

1. Twinned data refinement
Scales: 0.49(2)

0.51(2)
2. Fixed Uiso

At 1.2 times of:

All C(H) groups, All C(H,H) groups
At 1.5 times of:

All C(H,H,H) groups
3. Restrained distances
02C1l-C18cC

1.415 with sigma of 0.01
BO3R-F00J = BO3R-F02C = BO3R-F02D = BO3R-F02H = BO3R-FOAA = BO3R-FO2E
1.32 with sigma of 0.02
FO2E-FOAA

2.28987 with sigma of 0.02
FO2{-F01I

2.28987 with sigma of 0.02
F02{-F03X

2.28987 with sigma of 0.02
FO3X-F01I

2.28987 with sigma of 0.02
FO3W-FO1H

2.28987 with sigma of 0.02
FO3W-F02%

2.28987 with sigma of 0.02
F02Z-FO1H

2.28987 with sigma of 0.02
FO2H-F02D

2.28987 with sigma of 0.02
FO2H-F02C

2.28987 with sigma of 0.02
F1AA-BO3R

1.40225 with sigma of 0.01
F1AA-FOAA

2.28987 with sigma of 0.01
F1AA-FO2E

2.28987 with sigma of 0.01
F1AA-F00J
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4.

2.28987 with
FOAA-FO02E
2.28987 with
FOAA-FO00J
2.28987 with
FO2E-F00J
2.28987 with
F02C-F02D
2.28987 with
F02C-FO02H
2.28987 with
F02C-F00J
2.28987 with
FO02D-FO02H
2.28987 with
F02D-F00J
2.28987 with
NOAA-C15
1.12 with sigma of
01-C7AB

1.45 with sigma of
FO1H-BO3P ~ FO1I-B
with sigma of 0.02
F02Z-BO3P ~ F02{-B
with sigma of 0.02
BO3P-FO3W ~ BO3P-F
with sigma of 0.02
Rigid body (RIGU
N039, C02Yy, C049
with sigma for 1-2
c8, c9, cio0, cC11,
with sigma for 1-2
Ccl5C, CleC, Cl7C,
with sigma for 1-2
c2, C3, C4, C5, Co
with sigma for 1-2
c9cz, c10cCc, cClic,
with sigma for 1-2
0lc, Cc2, C8C

with sigma for 1-2
01c1l, C8c2, C9c2
with sigma for 1-2
c5C, CeC, C7C, C8C
with sigma for 1-2
c5c2, cecCz, cCicz,
with sigma for 1-2
c28c, c29c, c12, C
with sigma for 1-2
c28c, C29cC, c24c,
with sigma for 1-2
Cco02Y

with sigma for 1-2
F02C

with sigma for 1-2
N048, CO3T, CO046
with sigma for 1-2
NO39

with sigma for 1-2
NOAA, C15, Cl6
with sigma for 1-2
0l, C7AB

sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma

sigma

of 0.01

of 0.01

of 0.01

of 0.01

of 0.01

of 0.01

of 0.01

of 0.01

of 0.01

0.02

0.02
03P

03P
03X
) restrains

distances of 0.004
c21c, cz22cC
distances of 0.004
cl8C, C19c, cz20cC
distances of 0.004
, C7

distances of 0.004
Ccl2Cc, C13C, C1l4cC
distances of 0.004

distances of 0.004

distances of 0.004

distances of 0.004
C8C2

distances of 0.
13, Cl14, C23C
distances of 0.
C25C, C26C, C27cC
distances of 0.004

004

004

distances of 0.004

distances of 0.004

distances of 0.004

distances of 0.004

distances of 0.004

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma

sigma

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004
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with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004

5. Others

Sof (O1C)=1-FVAR (1)

Sof (O1C1)=FVAR(1)

Fixed Sof: 02C1(0.4) Co6C2(0.4) HoC2(0.4) C5C2(0.4) H1IAA(0.4) H1IBB(0.06)
HO9C (0.4) HO9CA(0.6) C8C2(0.4) C7C2(0.4) H7C2(0.4) C9C2(0.4) C10C(0.4)
H10C (0.4)

Cl1C(0.4) H11C(0.4) C1l2C(0.4) C13C(0.4) H13C(0.4) C14C(0.4) H14C(0.4)
Cl12(0.4)

H29D(0.6) H29C(0.4) H28C(0.4) H28D(0.6) C13(0.4) C23C(0.4) H23C(0.4)

Cl14(0.4)

H14(0.4) CleC(0.4) H1eC(0.4) C1l7C(0.4) H17C(0.4) C18C(0.4) C19C(0.4)
H19C (0. 4)

C20C(0.4) H20C(0.4) C15C(0.4) 02C(0.6) C2(0.6) C3(0.6) H3(0.6) C4(0.6)
H4 (0.6)

C5(0.6) C6(0.6) H6(0.6) C7(0.6) H7(0.6) C5C(0.6) C6C(0.6) H6C(0.6)
C7C(0.6)

H7C( .6) C8C(0.6) C22C(0.6) H22C(0.6) C8(0.6) C9(0.6) HO9(0.6) C1l0(0.6)
H10(0.6) C1l1(0.6) C21C(0.6) H21IC(0.6) C24C(0.6) C25C(0.6) H25C(0.6)
C26C(0.6)

H26C(0.6) C27C(0.6) FO1H(0.5) F02Z(0.5) FO3W(0.5) FO1I(0.5) FO02{(0.5)
FO03X(0.5) F02D(0.5) F02C(0.75) FO02H(0.5) FOAA(0.5) FIAA(0.25) FO02E(0.5)
NOAA(0.5) C15(0.5) Cl6(0.5) NO39(0.75) C02Y(0.75) C049(0.75) HO4A(0.75)
HO4B (0.75) HO04C(0.75) 01(0.5) C7AB(0.5) N048(0.75) CO3T(0.75) C046(0.75)

HO04D(0.75) HO4E(0.75) HO4F(0.75)

6.a Aromatic/amide H refined with riding coordinates:
ClC(H1C), ClA(H1A), C1B(H1B), C2B(H2B), C2C(H2C), C2A(H2A), CA4C(H4C),
C4A (H4A), C4B(H4B), C6B(H6B), C6A(H6A), C7TB(H7B), CT7A(H7A), CO9B(HO9B),

COA (H9A) ,

Cl0OB(H10B), ClOA(H10A), Cl2B(H12B), Cl2A(H12A), Cl3A(H13A), Cl3B(H13B),
Cl5B(H15B), Cl5A(H15A), Cl6A(H16A), Cl6B(H16B), CLl8A(H18A), Cl8B(H18B),
Cl9A (H19A), Cl9B(H19B), C21A(H21A), C21B(H21B), C22A(H22A), C22B(H22B),
C24A (H24A), C24B(H24B), C25B(H25B), C25A (H25A), C27B(H27B), C27A(H27A),
C28A (H28A), C28B(H28B), C29A(H29A), C29B(H29B), C30C(H30C), C31B(H31B)

) ), ) ( ) ( ) ( )
cocC

4

H6C2

—~ e~~~

C31A(H31A), C32C(H32C C32A (H32A), C32B(H32B), C33C(H33C), CobC2
Cl (H1AA), C1(H1BB), C(H9C), C9C(H9CA), C7T7C2(H7C2), Cl0C(H1O0C),
CllC(H11C),

Cl3C(H13C), Cl4C(H14C), C29C(H29D), C29C(H29C), (C28C(H28C), C28C(H28D),
C23C(H23C), Cl4(H14), CleC(H1leC), Cl7C(H17C), C1l9C(H19C), C20C(H20C),
C3(H3),

C4 (H4), C6(H6), C7(H7), C6C(H6C), C7C(H7C), C22C(H22C), C9(H9), C10(H10),
C21C(H21C), C25C(H25C), C26C(H26C)

6.b Fitted hexagon refined as free rotating group:

CeC2 (C5C2,C1,C9C,C8C2,CT7C2), C9c2(cloc,c11c,c12c,c13c,c14c),
Cl2(C29C,Cc28cC,

cl3,C23c,c14), CleCc(c1l7c,c18c,C19c,c20Cc,Cl15C), C2(Cc3,c4,C5,C6,CT7),
c22cCc(cs8,C9,

Cc10,C11,C21C)

6.c Idealised Me refined as rotating group:

C02X (HO2A,HO02B,H02C), CO3L(HO3A,HO03B,H03C), C049(HO04A,H04B,H04C),
C046 (HO4D,

HO4E, HO4F)

4

Special refinement details:

- The solvent molecule containing the atoms NOAA, C15 and C16 has been modelled

isotopically, without hydrogen atoms, due to its low partial occupancy. These have been
added to the chemical formula.
The solvent molecule (MeOH) containing the C7AB carbon atom has been modelled
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without hydrogen atoms due to a low partial occupancy and the effect of these hydrogen
atoms, generated using a riding model, on the shift value. These have been added to the
chemical formula.
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1 at 150 K:
Table S2:

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

V/°

Volume/A3

z

Pcalcg/(ﬂ'n?>

w/mm

F(000)

Crystal size/mm?®
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c ()]
Final R indexes [all data]

C102.22H75.65B4F16F€2N1506.25S6
2265.38

150

orthorhombic

Pna2;

19.690(4)

27.779(6)

19.967(4)

90

90

90

10921(4)

4

1.377

0.467

4616.0

0.02 x 0.01 x 0.005

MoKa (A =0.71073)

2.512 t0 56.562
-26<h<26,-37<k<37,-26<1<26
170538

27015 [Rint = 0.0646, Rsigma = 0.0350]
27015/377/1576

1.048

R1=0.0571, wR2 =0.1733
R1=10.0693, wR2 = 0.1901

Largest diff. peak/hole / e A 0.89/-0.72

Flack parameter

Experimental

‘Same as above’. The crystal was kept at 150 K during data collection. Using Olex2 [1], the
structure was solved with the ShelXT [2] structure solution program using Intrinsic Phasing
and refined with the ShelXL [3] refinement package using Least Squares minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009),

0.53(3)

J. Appl. Cryst. 42, 339-341.
2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.



3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal Data 1 at 150K (M =2263.38 g/mol): orthorhombic, space group Pna2; (no. 33), a =
19.690(4) A, b =27.779(6) A, ¢ =19.967(4) A,V =10921(4) A3, Z =4, T =150 K, p(MoKa) =
0.467 mm™, Dcalc = 1.377 g/lcm®, 170538 reflections measured (2.512° < 20 < 56.562°),
27015 unique (Rint = 0.0646, Rsigma = 0.0350) which were used in all calculations. The final Ry
was 0.0571 (I > 26(I)) and WR> was 0.1901 (all data).

Refinement model description
Number of restraints - 377

Details:

1. Twinned data refinement

Scales: 0.47(3)

0.53(3)
2. Fixed Uiso

At 1.2 times of:

All C(H) groups, All C(H,H) groups

At 1.5 times of:

All C(H,H,H) groups
3. Restrained distances

FOOX-F033

2.28987 with sigma of 0.02

FOOX-FOOV

2.28987 with sigma of 0.02

FOOX-FO3N

2.28987 with sigma of 0.02

FO3N-F03S

2.28987 with sigma of 0.02

FO3N-FOOV

2.28987 with sigma of 0.02

FO3S-FOOV

2.28987 with sigma of 0.02

FO-BO3L

1.40225 with sigma of 0.02

FO0X-BO3T ~ FOO0Y-BO3T

with sigma of 0.02

FO3N-BO3T ~ F030-BO3T

with sigma of 0.02

F03S-B0O3T ~ FO3T-BO3T

with sigma of 0.02
4. Restrained angles

NO3S-C4AA-C3AA

fixed at 180 with sigma of 0.02
5. Uiso/Uaniso restraints and constraints
Uanis (C03D) =~ Ueqg: with sigma of 0.1 and sigma for terminal atoms of 0.2
Uanis (NO3S) =~ Ueq, Uanis(F03T) =~ Ueq: with sigma of 0.1 and sigma for
terminal atoms of 0.2
6. Rigid body (RIGU) restrains

c7c, C8C, cocC

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
clic, clzc, c1l3c, cl4c, Cl5C, Clec

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
ce, C7, C8, C9, Cl0, Cl1

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
c12, c13, Cc14, C15, Cle, C17
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with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
c22c, c21c, C20c, Cl1l9c, C18C, C1l7C

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
cz28c, cz27c, c4, Cc3, Ccz2, C5

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
c27C, C28C, C23C, C24C, C25C, C26C

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
c5Cc, CceC, C7C1l, €8Cl, C9Cc1i, c1o0cC

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
c5c, cCeC, C7C, C8C, coc, C1

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
F030

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
FO3N, F00X, F03S, B0O3T, FOOV

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
FOOV, F03T, FO00Y, FO030

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
FOOM, FO03H, FO, FOAA

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
FOOM, F032, F03G, FO03M

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
C4AA, N03S, C3AA

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
c04c, C03D, NO48

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
C32B, S2B, C31B

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004
Cla, S1A, C2A

with sigma for 1-2 distances of 0.004 and sigma for 1-3 distances of 0.004

7. Others

Sof (C12)=Sof (H12)=S0of (C13)=So0of (H13)=S0f (C1l4)=S0f (C1l5)=S0f (H15)=S0f (Cl6)=
Sof (H16)=S0f (C17)=1-FVAR(1)

Fixed Sof: F00X(0.5) O7C(0.5) C23C(0.6) C24C(0.6) H24C(0.6) C25C(0.6)
H25C(0.6) C26C(0.6) F032(0.75) O03A(0.5) C03D(0.5) F03G(0.75) C10C(0.5)
C9C1(0.5) HO9C1(0.5) C8C1(0.5) H8C1(0.5) C7C1l(0.5) C9C(0.5) H9C(0.5)

C8C(0.5)

H8C(0.5) C7C(0.5) H6C(0.5) H6CA(0.5) H5C(0.5) H5CA(0.5) C1(0.5) FO3M(0.25)
FO3N(0.75) F03S(0.5) NO048(0.5) CO04C(0.5) HO4A(0.5) HO04B(0.5) H04C(0.5)
Cl7C(0.5) C22C(0.5) H22C(0.5) C21C(0.5) H21C(0.5) C20C(0.5) C19C(0.5)
H19C(0.5) C18C(0.5) H18C(0.5) Cl3C(0.6) H13C(0.6) Cl4C C15C(0.6)
H15C(0.6) C16C(0.6) H16C(0.6) Cl1lC(0.6) Cl2C(0.6) HI12C C2(0.4)

H2(0.4)

C3(0.4) H3(0.4) C4(0.4) H27C(0.6) H27D(0.4) H28C(0.6) H28D(0.4) C5(0.4)
C6(0.4) H6(0.4) C7(0.4) H7(0.4) C8(0.4) C9(0.4) HS9(0.4) C10(0.4) H10(0.4)
Cl1(0.4) 08C1(0.5) 0O7C1(0.5) F030(0.5) FO03T(0.25) FO00Y(0.5) FO3H(0.25)
FOAA(0.5) FO(0.5) C3AA(0.5) NO03S(0.5) C4AA(0.5) 01(0.25)

8.a Aromatic/amide H refined with riding coordinates:

C29C (H29C), C15A(H15A), C13B(H13B), C31C(H31C), CA4A(H4A), C25A(H25A),

C32A (H32A), C29A(H29A), Cl6A(Hl1l6A), C12B(H12B), C22A(H22A), C19A(H19An),
C22B(H22B), Cl3A(H13A), C24A(H24A), CTB(H7B), C31B(H31B), C6B(H6B),

C25B (H25B),
C9B (HSB), C31A(H31A), C27A(H27A), Cl9B(H19B), C21B(H21B), C21A(H21A),

C6A (H6A), C1C(H1C), C7TA(H7A), CL8A(H18A), C15B(H15B), C27B(H27B),

C32C(H32C),

C28A (H28A), C24C(H24C), C25C(H25C), Cl2A(H12A), Cl6B(H16B), C28B(H28B),
C32B(H32B), ClOB(H10B), ClA(H1A), C29B(H29B), CO9A(HO9A), CA4C(H4C),

C4B (H4B),

C18B (H18B), C24B(H24B), C1B(H1B), C2C(H2C), C1O0A (H10A), C2A (H22),

C9C1 (H9C1),

C8C1 (H8C1l), CO9C(H9C), C8C(H8C), CoC(H6C), C6C(H6CA), C5HC(H5C), C5LHC(H5CAH),
C2B (H2B), C22C(H22C), C21C(H21C), Cl9C(H19C), C18C(H18C), C1l3C(H13C),

(0.6)
(0.6)
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Cl5C(H15C), Cle6C(Hl1le6C), Cl2C(H12C), C2(H2), C3(H3), C27C(H27C),
C27C (H27D),

c28C (H28C), C28C(H28D), Co6(H6), C7(HT7), CO9(H9), C10(H10), Cl2(H12),
C13(H13),

Cl5(H15), Cl6(H16)

8.b Fitted hexagon refined as free rotating group:
coc(c8c,cic,C6C,C5¢C,Cl), Cl7C(C22C,C21C,C20C,C19C,C18C),
cl3C(cl4c,Cc15¢C,CleC,

clic,c1lzc), c2(c3,c4,cz7c,cz28c,ch), Ce(C7,C8,C9,C10,C11),
cl2(c13,Cc14,Ccl1l5,Cle,

Cl1l7)

8.c Idealised Me refined as rotating group:

C02U (HO2A,HO02B,H02C), CO3Y(HO3A,HO3B,H03C), C04C(HO4A,HO04B,H04C)

Special refinement details:

- Solvent squeeze was applied due to high amounts of small (below 1) peaks of electron

density making no chemical sense.
solvent_radius: 1.20
shrink_truncation_radius: 1.20
van der Waals radii:
B C FF H N O S
2.00 1.70 1.47 2.00 1.09 1.55 1.52 1.80

Total solvent accessible volume / cell = 727.1 Ang"3 [6.7%)]
Total electron count / cell = 204.1

gridding: (120,180,120)
Void #Grid points Vol/A"3 Vol/% Centre of mass (frac) Eigenvectors (frac)
1 43142 181.8 1.7 (0.224,0.017,0.242) 1 (0.007,-0.010, 1.000)
2 (0.985,-0.170,-0.008)
3 (0.170, 0.985, 0.008)
2 43142 181.8 1.7 (0.276,0.517,0.742) 1 (-0.007,-0.010, 1.000)
2 (0.985, 0.170, 0.008)
3 (-0.170, 0.985, 0.008)
3 43142 181.8 1.7 (0.724,0.483,0.242) 1 (0.007, 0.010, 1.000)
2 (0.985, 0.170,-0.008)
3 (-0.170, 0.985,-0.008)
4 43142 181.8 1.7 (0.776,-0.017,0.742) 1 (-0.007, 0.010, 1.000)
2 (0.985,-0.170, 0.008)
3 (0.170, 0.985,-0.008)

Void Vol/Ang"3 #Electrons
1 1818 51.0
2 1818 51.0
3 1818 51.1

S16



4 1818 51.0

- Water molecule, O1, has been modelled isotopically and without hydrogen atoms due
to the low partial occupancy.

- The acetonitrile solvent molecule including atoms NO3S, C4AA, and C3AA has been
modelled without hydrogen atoms on C3AA due to the effect of these 0.5 chemically
occupied riding model generated protons on the shift value.
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1 at 200 K:
Table S3:

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

p/e

V/°

Volume/A3

Z

Pcalcg/(ﬂ'n?>
w/mm

F(000)

Crystal size/mm?®
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c ()]
Final R indexes [all data]

Cio1.17H72.75B4F16F€2N14.5806S6
2239.94

200

orthorhombic

Pna2;

19.772(4)

27.872(6)

20.025(4)

90

90

90

11035(4)

4

1.348

0.461

4563.0

0.02 x 0.01 x 0.005

MoKa (A =0.71073)

2.504 to 54.204
25<h<25,-35<k<35,-25<1<25
151118

24258 [Rint = 0.0878, Rsigma = 0.0483]
24258/369/1517

1.083

R1=0.0888, wR2 = 0.2465
R1=10.1037, wR2 = 0.2745

Largest diff. peak/hole / e A 1.31/-0.66

Flack parameter

Experimental

Single crystals of 1 at 200 K were formed by diethyl ether vapour diffusion. A suitable crystal
was selected and cold mounted in a CO2 atmosphere in cryotox oil on MX1 of the Australian
Synchrotron beamline. The crystal was kept at 200 K during data collection. Using Olex2 [1],
the structure was solved with the ShelXT [2] structure solution program using Intrinsic Phasing
and refined with the ShelXL [3] refinement package using Least Squares minimisation.

0.38(3)



1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009),
J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal structure determination of 1 at 200 K

Crystal Data for Cio1.17H72.75BaF16F€2N145806Se (M =2239.94 g/mol): orthorhombic, space
group Pna2; (no. 33), a =19.772(4) A, b =27.872(6) A, ¢ =20.025(4) A, V =11035(4) A%, Z =
4, T= 200K, w(MoKa) = 0.461 mm™, Dcalc = 1.348 g/lcm®, 151118 reflections measured
(2.504° <20 < 54.204°), 24258 unique (Rint = 0.0878, Rsigma = 0.0483) which were used in all
calculations. The final Ry was 0.0888 (I > 2o(I)) and wR2 was 0.2745 (all data).

Refinement model description
Number of restraints - 369

Details:

1. Twinned data refinement
Scales: 0.62(3)
0.38(3)
2. Fixed Uiso
At 1.2 times of:
All C(H) groups, All C(H,H) groups
At 1.5 times of:
All C(H,H,H) groups
3. Shared sites
{B0O, B041}
{B11A, B11}
4. Restrained distances

FO0S-F02N

2.28987 with sigma of 0.02

FO00S-F024

2.28987 with sigma of 0.02

BO3H-F00S = BO3H-F024 = BO3H-FO02N = BO3H-F03U
1.40225 with sigma of 0.02

02C1-C19C = 02C1-C1

1.4 with sigma of 0.02
BO3H-FO00S = BO3H-F024 = BO3H-F02N = BO3H-F03U = BO3H-F020 = BO3H-FO
1.40225 with sigma of 0.02
F9-BO3H

1.40225 with sigma of 0.02
FO3U-F00S

2.28987 with sigma of 0.02
FO3U-F024

2.28987 with sigma of 0.02
FO3U-FO2N

2.28987 with sigma of 0.02
F024-FO02N

2.28987 with sigma of 0.02
F024-F00S

2.28987 with sigma of 0.02
FO2N-F00S

2.28987 with sigma of 0.02
F020-F9

2.28987 with sigma of 0.02
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F020-F00S

2.28987 with sigma of 0.02
F020-F0

2.28987 with sigma of 0.02
FO-F9

2.28987 with sigma of 0.02
FO-F00S

2.28987 with sigma of 0.02
BO-F1 = BO-FO02H = BO-F2 = BO-FOAA
1.40225 with sigma of 0.02
B041-F011l = B041-F02G B041-FO03T = B041-F040
1.40225 with sigma of 0.02
FOAA-FO2H
2.28987 with sigma of
FOAA-F1
2.28987 with sigma of 0.02
FOAA-F2

2.28987 with sigma of 0.02
F1-F2

2.28987 with sigma of 0.02
F2-F02H

2.28987 with sigma of 0.02
FO2H-F1

2.28987 with sigma of 0.02
FO3T-F02G

2.28987 with sigma of 0.02
FO3T-F040

2.28987 with sigma of 0.02
FO3T-FO011

2.28987 with sigma of 0.02
FO11-F02G

2.28987 with sigma of 0.02
FO11-F040

2.28987 with sigma of 0.02
F040-F02G

2.28987 with sigma of 0.02
F02Q-FO03H

2.28987 with sigma of 0.02
F02Q-FO3W

2.28987 with sigma of 0.02
F02Q-FOO0P

2.28987 with sigma of 0.02
FO3W-FOOP

2.28987 with sigma of 0.02
FO3W-FO3H

2.28987 with sigma of 0.02
FO3H-FO3W

2.28987 with sigma of 0.02
F02P-F03G

2.28987 with sigma of 0.02
FO2P-F0O3V

2.28987 with sigma of 0.02
FO0O-FO02P

2.28987 with sigma of 0.02
FO3G-FO03V

2.28987 with sigma of 0.02
FO03G-F000

2.28987 with sigma of 0.02
FO3V-F000

2.28987 with sigma of 0.02
B11-F000 = B11-F02P = B11-F03G = B11-FO3V

ol

(@)

.02
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1.40225 with sigma of
B11A-FOOP =
1.40225 with sigma of

C7-C6

1.40225 with sigma of

CO02wW-C02J

1.40225 with sigma of O.

FO0O-B11l =
with sigma
FO2P-B11 =
with sigma
FO3G-B1l1l =
with sigma
FO3V-B1l1l =
with sigma

B11A-FO

FOOP-B11
of 0.02
F020-B11
of 0.02
FO3H-B11
of 0.02
FO3W-B11
of 0.02

.02
2Q

o || o

.02

(@)

.02

02

B11A-FO3H

5. Uiso/Uaniso restraints and constraints

C7C =~ C7C1l:

0.08

CoC =~ Co6Cl:

0.08

F024 =~ F9:

0.08

Uanis (BO) = Uanis (BO

Uanis (B11A) = Uanis/(
6. Rigid body (RIGU)
c3, Ccl1c, c12c, C13

41)
B11)

restrains
Cl5C

c, clac,

with sigma for 1-2 distances of 0.004

Cl

with sigma for 1-2 distances of 0.004

c4, Cl9c,

02C1

with sigma for 1-2 distances of 0.004

c1, c2,

C26C,

czic,

c22cC

with sigma for 1-2 distances of 0.004

clec, Cl7cC,

clsc,

clo9c,

c20c,

c21cC

with sigma for 1-2 distances of 0.004

olcC

with sigma for 1-2 distances of 0.004

F024, FO,

F9,

FO2N,

F020,

FO3U

with sigma for 1-2 distances of

FO011l, FO040,

B041,

F02G,

FO3T

with sigma for 1-2 distances
FOAA, FO2H
with sigma for 1-2 distances

F1l, F2, BO,
B11A, FO3H,
with sigma

B11, FO03G,

with sigma

C049, NO3B,
with sigma
S1B,
with
S2A,

sigma
C30A,
with sigma
c4, Cl9c,

with sigma
coc, cici,
with sigma
clioc, cs5c1,
with sigma
c2e6C, C22cC,
with sigma

FOOP,
for 1-2
F000, FO
for 1-2

C03C
for 1-2

ClB, C2B

for 1-2
C31A
for 1-2

o2cC

for 1-2
C8C1
for 1-2
CoCl
for 1-2
C23C
for 1-2

F020Q,

FO3W
distances
2P, FO3V
distances
distances
distances
distances
distances
distances

distances

distances

of

of

of

of

of

of

of

of

of

of

of

0.

004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma
sigma

sigma

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

distances

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

within 1.7A with sigma of 0.04 and sigma for terminal atoms of
within 1.7A with sigma of 0.04 and sigma for terminal atoms of

within 1.7A with sigma of 0.04 and sigma for terminal atoms of

.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004
.004

.004
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7. Others
Fixed Sof: C1(0.3) C2(0.3) H2(0.3) C22C(0.3) H22C(0.3) C23C(0.3) H26C(0.3)
H26A(0.7) H27C(0.3) H27A(0.7) C4(0.7) C5(0.7) H5(0.7) 0O2A(0.6) O2A1(0.4)
H10A(0.8) H10C(0.2) C5C1(0.2) C6C1(0.2) H6C1(0.2) C7C1l(0.2) H7CLl(0.2)
C8C1(0.2) HOCA(0.8) H9C(0.2) 02C(0.5) C5C(0.8) C6C(0.8) H6C(0.8) C7C(0.8)
H7C(0.8) C8C(0.8) C24C(0.7) H24C(0.7) C25C(0.7) 02C1(0.5) C6(0.25)

C7(0.25)

H7A(0.25) H7D(0.25) H7E(0.25) N2AA(0.25) C049(0.33333) NO3B(0.33333)
C03C(0.33333) F011(0.5) F040(0.5) B041(0.5) F02G(0.5) FO03T(0.5) F024(0.5)
FO(0.5) F9(0.5) FO02N(0.5) F020(0.5) FO3U(0.5) B11(0.5) FO03G(0.7) F000(0.7)
FO2P(0.7) FO3Vv(0.7) F1(0.5) F2(0.5) BO(0.5) FOAA(0.5) FO02H(0.5) BLl1A(0.5)
FO3H(0.3) FOOP(0.3) F020(0.3) FO3W(0.3)

8.a Aromatic/amide H refined with riding coordinates:

C2 (H2), C22C(H22C), C26C(H26C), C26C(H26A), C27C(H27C), C27C(H27A),

C5(H5),

ClA (H1A), C2A(H2A), C3A(H3RD), ), COA(HSA),
Cl1lA(H11A), Cl2A(H12A), Cl4A(H14A), C15A(H15A), C1l7A(H17A), CLlBA(H18A7),
C20A (H20A), C21A(H21A), C23A(H23RA), C24A(H24A), C26A(H26B), C27A(H27B),
C28A (H28A), C30A (H30A), C31A(H31A), C1B(H1B), C2B(H2B), C4B(H4B),

C6B (H6B) ,

C7B(H7B), C9B(H9B), Cl0B(H10B), C1l2B(H12B), C13B(H13B), C1l5B(H15B),

Cl6B (H16B),

C18B (H18B), C19B(H19B), C21B(H21B), C22B(H22B), C24B(H24B), C25B(H25B),
C27B(H27D), C28B(H28B), C29B(H29B), C31B(H31B), C32B(H32B), ClC(H1C),

C2C (H2C),

C4C (H4C), Cl0C(H10A), Cl0C(H1O0C), C6C1l(H6C1l), C7Cl(H7C1l), C9C(HO9ChH),

CoC (H9C) ,

cl2Cc(H1l2C), C13C(H13C), C3(H3), C21C(H21C), Cl7C(H17C), C1l8C(H18C),
c20C (H20C), C28C(H28C), C30C(H30C), C31lC(H31C), C6C(H6C), CIC(HTC),

C24C (H24C)

8.b Fitted hexagon refined as free rotating group:
cl(cz2,c22c,c23c,c2eC,Cc27C), Cl0C(C5C1,CkC1,C7C1,C8C1l,C9C), Cl2C(Cl3C,Cl4cC,
cl5c,c3,Cc11c), Cc21c(clecCc,Cl17C,C18C,C19C,Cc20C)

8.c Idealised Me refined as rotating group:

CO2w (HO2A,HO02B,H02C), C7(H7A,H7D,H7E), CO043(HO4A,H04B,H04C)

C5A (H5A), Co6A(H6A), CB8A(H8A

Special refinement details:

- The acetonitrile solvent molecule containing the C049 carbon atom has been modelled
without hydrogen atoms due to a low partial occupancy (0.33) and the effect of these
hydrogen atoms, generated using a riding model, on the shift value. These have been
added to the chemical formula.

- The acetonitrile molecule containing C7 has been modelled isotopically due to a low
partial occupancy (0.25).
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250 K:
Table S4:

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

V/°

Volume/A3

z

Pcalcg/(ﬂ'n?>
w/mm

F(000)

Crystal size/mm?®
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c ()]
Final R indexes [all data]

C101H72.5B4F158F€2N14.506S6
2232.73

250

orthorhombic

Pccn

20.127(4)

27.951(6)

19.854(4)

90

90

90

11169(4)

4

1.328

0.455

4553.0

0.02 x 0.01 x 0.005

MoK (L = 0.71073)

2.494 t0 52.744
-25<h<25,-34<k<34,-24<1<24
141260

11425 [Rint = 0.1096, Rsigma = 0.0389]
11425/160/795

1.256

R1=0.0960, wR2 = 0.2987
R1=0.1136, wR2 = 0.3219

Largest diff. peak/hole / e A 0.92/-0.67

Experimental

Single crystals of 1 at 250 K were formed by diethyl ether vapour diffusion. A suitable crystal
was selected and cold mounted in a CO2 atmosphere, uisng cryotox oil on the MX1 beamline
of the Australian Synchrotron. The crystal was kept at 250 K during data collection. Using
Olex2 [1], the structure was solved with the ShelXT [2] structure solution program using
Intrinsic Phasing and refined with the ShelXL [3] refinement package using Least Squares

minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009),

J. Appl. Cryst. 42, 339-341.
2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.



3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal structure determination of 1 at 250 K

Crystal Data for CioitH725B4F158F€2N14506Se (M =2232.73 g/mol): orthorhombic, space
group Pccn (no. 56), a = 20.127(4) A, b = 27.951(6) A, ¢ = 19.854(4) A, V = 11169(4) A3, Z =
4, T= 250K, w(MoKa) = 0.455 mm™, Dcalc = 1.328 g/cm®, 141260 reflections measured
(2.494° <20 < 52.744°), 11425 unique (Rint = 0.1096, Rsigma = 0.0389) which were used in all
calculations. The final Ry was 0.0960 (I > 2o(I)) and WR> was 0.3219 (all data).

Refinement model description

Number of restraints - 160

Details:

1. Fixed Uiso

At 1.2 times of:
All C(H) groups,
At 1.5 times of:
All C(H,H,H) groups

2. Shared sites

{BO1T, BO1lU}

All C(H,H)

3. Restrained distances

FOOW-BO1T =~
with sigma of 0.02
FO1C-BOLT =~
with sigma of 0.02
FO1P-BO1T =~
with sigma of 0.02
BOIT-FO1W =
with sigma of 0.02
FOOW-FOL1C =~
with sigma of 0.04
FOOW-FO1P =~
with sigma of 0.04
FOOW-FO1lW =~
with sigma of 0.04
FOIC-FO1lP =~
with sigma of 0.04
FO1C-FO1lW =~
with sigma of 0.04
FO1P-FO1lW =~
with sigma of 0.04

FO00X-BO1lU

FOAA-BO1U

F01Q-BO1U

BO1U-FO01X

FOOX-FOAA

FOOX-F010Q

FOOX-FO01X

FOAA-FO01Q

FOAA-FO01X

FO1Q-FO01X

groups

4. Uiso/Uaniso restraints and constraints

Cl2 =
0.08
Uanis (B0O1T) =
5. Rigid body
Cc01Q, CO1lY,

Uanis (B
(RIGU)
co1lv, cCO

01U)
restrains
1G, C01x,

CO1R
0.

with sigma for 1-2 distances of

colu, cO01L, N1

with sigma for 1-2 d
F010, FOOF, BO1Z, FO
with sigma for 1-2 d
F01lC, FOOW, BO1lT, FO
with sigma for 1-2 d
clz, Cc021, NO23

istances
1D, FO1J
istances
1P, FO1wW
istances

of

of

of

0.

004

004

.004

.004

C021: within 1.7A with sigma of 0.04

and

and

and

and

and sigma

sigma for

sigma for
sigma for

sigma for

for

terminal atoms

distances

distances

distances

distances

of 0.

of 0.

of 0.

of 0.

004

004

004

004

S24



with sigma for 1-2 distances of
N023, C021, C12

with sigma for 1-2 distances
FOAA, BO1T, FO01X, F01Q, F00X
with sigma for 1-2 distances
FO1wW, FOOW, BOlU, FO01C, FO1P
with sigma for 1-2 distances
6. Others
Fixed Sof:
C01X(0.5)
O01H(0.5)
H022(0.5)
H12C (0.25)
H1AA(0.5)
HO1B(0.5)
HO1A(0.5)
B01U(0.5)

of
of
of

FOOW(0.6)
HO1X(0.5)
FO1P(0.5)
N023(0.25)

CO1w(0.5)
CO1H(0.5)

C010(0.5)
C01G(0.5)
C01s(0.5)
0 C024(0.5)
0 HO1W (0.5)
0 C2AA(0.5)
CO01T(0.5)
FOAA(0.5)

C2(0.5)
F00X(0.3)

FO1C(O.
CO1R(0.5)
BO1T (0.5)

HO024 (0.5)

COAA(0.5)
001I(0.5)

H2(0.5)

0.004 and sigma for 1-3 distances

0.004 and sigma for 1-3 distances

0.004 and sigma for 1-3 distances

0.004 and sigma for 1-3 distances

5) C01Q(0.5)
HO1R(0.5)
FO1wW(0.5)
Cl2(0.25)
C01Z(0.5)
C0(0.5)

C01Y(0.5)
CO01v(0.5)
C021(0.25)

H12A (0.25)

HO1Z (0.5)
HOOU (0.5) HOOA(O.

HO1V (

Cl1(0.5) H1(0.5) FO01X(0.5)

7.a Aromatic/amide H refined with riding coordinates:

CO0I (HOOI),
CO00Q (HO0Q), COOR(HOOR), COOT(
Cc012(HO12), CO13(HO13), CO014(
C019(HO019), COlE(HO1lE), CO1lF(
( ) ( ) (

( ) ( )

)

C00J (HOO0J) ,

CO01lv (HO1lV), CO1lI(HO1I), CO1lK
C024 (HO24), COlwW(HO1w

C01B(HO1B), CO1B(HO1lA), C2(HZ2),

COOK (HOOK) ,
HOOT
HO14
HO1F
HO1K
, C01z(HO1Z),

COOL (HOOL) , (
), COOV(HOOV), CO0Y(
), CO15(HO15), CO16(
), CO1lY (HO1lY), CO1X(
) ( ) (

( ) (

COOM (HOOM) , COO0O(
HOO0Y), CO0Z(
HO016), CO17(
HO1X), CO1R(
HOIN), C022(
HOOU), COO0U(

, COIM(HO1M), COIN
C1lAA , CO0U

Cl (H1)

HIAA

7.b Fitted hexagon refined as free rotating group:

c019(c01Y,C01X,C01G,CO1R,CO1V),
Cc0O (coou, Cco1B,
coir,Cc2,Cl)

cO0lw(CcOAA,C01Z,ClAA,CO1H,C2AR),

7.c Idealised Me refined as rotating group:

Cc01U (HO1C,HO1D,HO1G),

Cl2 (H12A,H12B,H12C)

of
of
of

of

0.5)

5)

HOO0O
HOO0Z
HO17
HO1R
HO022
HOOA

0.
0.
HO1Y (0.5)
C022(0.5)

H12B(0.25)
ClAA(0.5)

)
)
)
)
)
)

.004

.004

F01Q(0.5)

4

4

4

4

4

14

004

004
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Unit Cell Isomeric Distribution:

100 K:

Fig S4. Schematic representation of the distribution of isomers in the unit cell of 1 at 100 K, showing
helicates whose centroids fit in the unit cell. Cationic helicates with the opposite absolute configurations
are shown as A—A (right handed — green) and A—A (left handed — red), with Fe(ll) atoms displayed in
a space filling representation.

250 K:

Fig 5. Schematic representation of the distribution of isomers in the unit cell of 1 at 250 K, showing
helicates whose centroids fit in the unit cell. Cationic helicates with the opposite absolute configurations
are shown as A—A (right handed — green) and A—A (left handed — red), with Fe(ll) atoms displayed in
a space filling representation.
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Measurement of the Torsion Angles Representing the Ligand ‘Twist’:

Fig S6. Schematic representation of the measurement of the torsion angle representing the twist of the
ligand, measuring the angle with which the ligand wraps around the axis containing the two Fe(ll)
centres. This figure is shown perpendicular to the intranuclear axis.

Figure S7. Schematic representation of the measurement of the torsion angle representing the twist of
the ligand, measuring the angle with which the ligand wraps around the axis containing the two Fe(ll)
centres. This figure is shown along the intranuclear axis.
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a)

b)

Figure S8: Schematic representation of the distribution of LS (purple) and MS (orange) Fe(ll) centres
of 1 throughout the lattice at 200 K.

Figure S9: Overlapping images of the Fe2 half of the [LS-LS] 100 K (purple) and [LS-MS] 200 K
structures (yellow), demonstrating the major change in conformation with SCO is occurring at the
flexible benzene-O-benzene region of L.
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Table S5: Edge-to-face n-n distances in 1 at 100 K, presenting the length for the C-H-~Benzene centroid
contacts that act to stabilise a highly strained helical architecture.

Contact H23C | H18B | H18A-C | H15A~C | H13C-C | H15B-C | H16C-C | H6C2-C | H6A~ | H27BC
(edge ~C23 ~C- 15C- 11B- 11A- 10C- 17B- 5B-C6B- Cl1- 28C-
Hbenzene A- 17A- C16C- C12B- C12A- Cl1C- C18B- C7B- CoC- C29C-
centroid) C24A- | C18A- C17C- C13B- C13A- Cl2C- C19B- C8B- C5C2- Cl12C-
C25A- | C19A- C17C- C14B- C14A- C13C- C20B- C9B- C8C2- Cl14-C-
C26A- | C20A- C19C- C15B- C15A- Cl4C- C21B- C10B C7C2- C23C-
C27A- | C21A- C20C C16B C16A Co92C C22B C6C2 C13
C28A | C22A
Distance 3.078 2.916 3.324 2.891 2.710 3.580 3.090 2.585 2.941 3.445
G

Table S6: Selected variable-temperature single-crystal X-ray diffraction parameters for compound 1.

Compound Space group FeFe (A) Twist” = () Fe-N (A)
Nbonding'Fe'Fe'
Nbonding (o)
100 K Pna2; 19.322 273.717 Fe01 —56.32 Fe0l1l —1.992
Fe02 — 58.943 Fe02 — 1.995
150 K Pna2; 19.319 273.263 Fe01 - 59.516 Fe0l1 —2.009
Fe02 — 60.313 Fe02 — 1.996
200 K Pna2, 19.317 271.058 FeOl1 — 61.947 Fe0l1-2.01
Fe02 — 70.845 Fe02 — 2.094
250 K Pccn 19.352 268.758 70.917 2.098

*See above for description on the calculation of the ligand twist.
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>"Fe Mossbauer spectroscopy

Table S7. Variable temperature °’Fe Mdssbauer results for compound 1.

Temperature 78 K 200 K 298 K

(K)

Doublet LS HS LS HS LS HS

Isomer Shift 0.3342 0.9375 0.3371 0.9474 0.3375 0.7500

(mm-s?)

Quadrupole 0.2334 1.6921 0.1605 1.4996 0.1964 1.0803

splitting (mms’

)

Amplitude 3882.9251 | 796.8336 | 3738.4790 | 4066.0284 | 1962.0857 | 2125.5928
+292.4 +158.06 | +449.3 + 350.3 + 684.15 + 548.00

Maossbauer y 77.5 22.5 50.1 49.9 36.3 63.7

(%0)

SQUID yHS 30.7 53.4 69.1

(%)
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Literature Survey of Dinuclear Triple Helicates Exhibiting SCO:

Table S8.
Compound Space Fe...Fe | Twist Phase Nature of SCO
group (A) Nponding-Fe-Fe- change
Nbonding (o)
1- [LS-LS] Pna2; 19.322 271.324 Yes Full, two-step
From this 272.925
paper. 276.903
Av - 273.717
1- [MS] Pcen 19.352 270.229 @ @
267.002
269.043
Av - 268.758
2a% — [LS-HS] | 141cd 9.728 106.021 No Incomplete (Half)
Cr 106.237
121.612
Av —111.290
2a - [HS-HS] 141cd 9.749 101.796 < @
118.518
103.464
Av — 107.926
2a’ — 14:cd © > - solvatomorph | No Complete
Solv. of 2a
2b 14:cd 9.670 105.480 No Incomplete (half)
Br - [LS-HS] 120.827
107.815
Av —111.374
2b’ 14:cd 9.668 > - solvatomorph | No Complete
Solv. — [LS- of 2b
LS]
3a% - [LS-LS] | C2/c 11.396 196.936 No Complete
PFe 198.479
198.479
Av — 197.965
3b—[LS-HS] |P-1 11.556 | 187.784 No Complete
BF4s 191.579
191.353
Av - 190.2387
3c—[LS-HS] | P-1 11.584 192.406 No Incomplete
ClOy 190.482 (Half)
186.995
Av - 189.961
4% — [LS-HS] | P2i/c 3.851 No Incomplete
ClO4 (Half)
4a—[HS-HS] | P2i/c 4.036 No @
C|O4
4b —[LS-HS] | P-1 3.870 84.519 No Incomplete (Half)
BFs 88.492 (Hysteresis)
86.774
Av — 86.595
51 - [LS-LS] | P2i/n 11.35 181.732 no Full (hysteresis)
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175.005
179.127
Av -178.621

6% - [LS-LS]

Pcen

14.847

131.694
129.083
131.694
Av —130.824

No

Complete

6b - [LS-HS]

P-1

15.002

132.731
137.843
130.174
Av —133.583

No

Complete

6b — [HS-HS]

P-1

15.223

124.622
132.176
128.295
Av —128.364

(%)

7a13

C2/c

11.720

177.369
177.369
169.169
Av —174.636

No

Incomplete

7b

P-1

11.780

176.379
176.564
173.611
Av —175.518

No

Incomplete

7c

P-1

11.620

163.777
176.935
178.269
Av —172.994

No

Incomplete

8% _[LS-LS]

P-1

11.330

166.405
169.535
172.709
Av - 169.549

No

Complete

8 [LS-MS]

11.360

188.466
184.624
191.788
Av —188.293

No

9a'® — [HS-
HS]

C2/c

11.500

177.202
178.710
177.202
Av—177.705

2-step

Incomplete

b [LS-LS]

P-1

11.341

170.420
174.172
172.137
Av —172.243

No

Complete

9b - [HS-HS]

11.568

178.303
175.278
178.198
Av - 177.259

[

1016* _

C2/c

9.163

219.457
165.239
219.457
Av - 201.384

No

Incomplete

117 —[LS-
HS]

P2i/c

11.45

172.245
171.481
170.043

No

Incomplete
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Av —171.256

1218 P-1 15.440 156.202 No Complete
155.628
153.384
Av — 155,071
1310 - - - - SCO
(3SCO
derivatives)
14?0 — [LS-LS] | P2i/c 6.857 1.380 No Unknown (high temp
0.168 SCO - not finished)
0.530
Av - 0.693
1521 — [LS-LS] | P2i/c 10.682 188.983 No Complete
177.233
175.953
Av - 180.723
15- [LS— P2i/c 10.609 187.371 © ©
HS] 164.030
169.569
Av —173.657
1622%* Incomplete
1728 - P-1 8.542 277.375 No Incomplete
(L6 Fe-Eu) 277.985
278.679
Av—278.013
1724 - C2/c 9.143 253.013 No Complete
(L6 Fe-Eu) 279.427
282.444
Av —271.628
174 - P-1 9.190 276.999 No Unknown (high temp
(L5 - Fe-Ln) 278.329 SCO - not finished)
266.908
Av —274.079

Note: 2a and 2a’ are distinct solvatomorphs
*This structure is for the complex of Fe(Il) with the ligand structure 2c from this paper, while the
structure showing SCO used ligand 2a, these differing by an ethyl group toward the centre of the

ligand, so this has been used as an estimate for the crystal structure.

**No structural data obtained for this compound.

Notes on Table S8 above;

- The restrictions for compounds included in this table is to be a dinuclear triple helicate
architecture that displays spin crossover.
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Magnetic susceptibility:

7 -

6

X, T (cm3K mol™)

SQUID

100

200

Temperature K

400

Figure S10: A ymT vs T plot for compound 1, the dots represent the experimental magnetic
susceptibility values and the solid line shows the best least squares fit between calculated and

experimental data. The method for the least squares fitting method was followed as the

reported method?.

Table S9. Parameters derived from a least squares fitting of the two-step spin transition in 1.

Value Standard Error
(mT)LH 2.09407 cm®Kmol ™ 0.07041
(xmT)nn 7.5 cm*Kmol* 0.29738
Te1 400 K 9.90167
Te2 124.35102 K 2.74121
(ymT)r 2.07503 cm*Kmol ! 0.009
AS1 16.105605 JK*mol* 1.6965
AS> 23.96496 JK*mol* 1.29325
AH; 3.22112101 kJmol™* 182.39549
AH» 2.98006773 kJmol™* 99.69068

For a detailed explanation of these parameters see the method above®.

S34



Reference List:

1

A w

11

12

13

14

15

16

17

18

19
20

21

22

23

24

25

N. P. Cowieson, D. Aragao, M. Clift, D. J. Ericsson, C. Gee, S. J. Harrop, N. Mudie, S. Panjikar,
J. R. Price, A. Riboldi-Tunnicliffe, R. Williamson and T. Caradoc-Davies, Journal of
Synchrotron Radiation, 2015, 22, 187-190.

T. M. McPhillips, S. E. McPhillips, H. J. Chiu, A. E. Cohen, A. M. Deacon, P. J. Ellis, E.
Garman, A. Gonzalex, N. K. Sauter, R. P. Phizackerley, S. M. Soltis and P. Kuhn, Journal of
Synchrotron Radiation, 2002, 9, 401-406.

W. Kabsch, Journal of Applied Crystallography, 1993, 26, 795-800.

Bruker, SADABS, Bruker AXS Inc, Wisconsin, USA, 2001.

G. Sheldrick, SHELX-2014: Programs for Crystal Structure Analysis, University of Gottingen,
Gattingen, 2014.

G. M. Sheldrick, Acta. Cryst. Sect. C., 2015, 71, 3-8.

0. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H. Puschmann, J. Appl.
Cryst., 2009, 42, 339-341.

M. Darawsheh, L. A. Barrios, O. Roubeau, S. J. Teat and G. Aromi, Chemistry — A European
Journal, 2016, 22, 8635-8645.

F. Tuna, M. R. Lees, G. J. Clarkson and M. J. Hannon, Chemistry, 2004, 10, 5737-5750.

Y. Sunatsuki, R. Kawamoto, K. Fujita, H. Maruyama, T. Suzuki, H. Ishida, M. Kojima, S.
lijima and N. Matsumoto, Inorg. Chem., 2009, 48, 8784-8795.

D. Pelleteret, R. Clérac, C. Mathoniére, E. Harté, W. Schmitt and P. E. Kruger, Chem.
Commun., 2009, 221-223.

R. J. Archer, H. S. Scott, M. 1. J. Polson, B. E. Williamson, C. Mathoniére, M. Rouziéres, R.
Clérac and P. E. Kruger, Dalton Trans., 2018, 47, 7965-7974.

A. R. Craze, N. F. Sciortino, M. M. Badbhade, C. J. Kepert, C. E. Marjo and F. Li, Inorganics,
2017, 5, 62.

L. Li, A. R. Craze, R. Akiyoshi, A. Tsukiashi, S. Hayami, O. Mustonen, M. M. Bhadbhade, S.
Bhattacharyya, C. E. Marjo, Y. Wang, L. F. Lindoy, J. R. Aldrich-Wright and F. Li, Dalton
Trans., 2018, 47, 2543-2548.

A. R. Craze, M. M. Bhadbhade, Y. Komatsumaru, C. E. Marjo, S. Hayami and F. Li, Inorg.
Chem., 2020, 59, 1274-1283.

L. J. Charbonniére, A. F. Williams, C. Piguet, G. Bernardinelli and E. Rivara-Minten, Chem.
Eur. J., 1998, 4, 485-493.

R. J. Archer, C. S. Hawes, G. N. L. Jameson, V. McKee, B. Moubaraki, N. F. Chilton, K. S.
Murray, W. Schmitt and P. E. Kruger, Dalton Trans., 2011, 40, 12368-12373.

M. Estrader, J. Salinas Uber, L. A. Barrios, J. Garcia, P. Lloyd-Williams, O. Roubeau, S. J.
Teat and G. Aromi, Angew. Chem. Int. Ed. Engl., 2017, 56, 15622-15627.

S. G. Telfer, B. Bocquet and A. F. Williams, Inorg. Chem., 2001, 40, 4818-4820.

N. Struch, J. G. Brandenburg, G. Schnakenburg, N. Wagner, J. Beck, S. Grimme and A. Litzen,
European Journal of Inorganic Chemistry, 2015, 2015, 5503-5510.

M. Darawsheh, L. A. Barrios, O. Roubeau, S. J. Teat and G. Aromi, Angewandte Chemie
International Edition, 2018, 57, 13509-13513.

A. N. Gusev, V. F. Shul’gin, I. O. Riush, K. A. Lyssenko, I. L. Eremenko and W. Linert,
Inorganica Chimica Acta, 2017, 456, 136-141.

T. Lathion, A. Fiirstenberg, C. Besnard, A. Hauser, A. Bousseksou and C. Piguet, Inorg. Chem.,
2020, 59, 1091-1103.

T. Lathion, L. Guénée, C. Besnard, A. Bousseksou and C. Piguet, Chemistry — A European
Journal, 2018, 24, 16873-16888.

N. Ortega-Villar, A. L. Thompson, M. C. Mufioz, V. M. Ugalde-Saldivar, A. E. Goeta, R.
Moreno-Esparza and J. A. Real, Chem. Euro. J., 2005, 11, 5721-5734.

S35



