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1 Experimental details: tables with crystallographic, data collection and refinement

details; ORTEP diagrams after transferred-multipole refinement

Table S1 Crystallographic, data collection and refinement data for variable-temperature X-ray

diffraction.

Compound

90K

120K

150K

180K

210K

240K

Empirical formula
Formula wt./ g
mol”
Colour
Crystal
dimensions / mm
Space group
alA
bl A
cl/A
al®
Bre
r/°
Z
viIA
Deac/ g cm?

LA

4/ mm”
O range / °
T/K
Diffractometer

type
Range of &, k, [

Reflections
collected
Independent
reflections
Observed
reflections
(U=20)
Absorption
correction
Thniny Tinax
Rin
Spherical
refinement
R(F)

R, (F%)
Goodness of fit

H atom treatment

No. of parameters
ApPmax s APmin,
ApPrs, (eA%)

Multipolar
refinement
R(F)

R, (F)
Goodness of fit
H atom treatment

C5H,CI,N,O,
346.15

black
0.32x0.26 x
0.20
P2i/n
6.7493(11)
10.0720(14)
20.462(6)
90
94.781(19)
90
4
1386.2(5)
1.659

0.71073 (MoKa)

0.484
2.00 - 24.97
90(2)

CAD4

0<h<8;
0<k<l1l;
24 <1<24

2642

2420

2297

None

0.0576

0.0501
0.0960
1.272
Restrained
isotropic
229
0.582;-0.429;
0.080

0.0441
0.0863
1.143
Restrained

C5H,CI,N,O,
346.15

black
0.40x 0.15 x
0.07
P2i/n
6.75559(15)
10.0647(2)
20.4519(4)
90
94.8065 19)
90
4
1385.70(5)
1.655
0.71073
(MoKa)
0.484
2.0-28.1
120.0(1)

Gemini Ultra

8<h<7,
-13<k<12;
26<1<27

9214

2815

2682

Multi-scan

0.928; 1.000
0.028

0.0403
0.0603
1.083
Restrained
isotropic
229
0.416; -0.370;
0.056

0.0280
0.0374
1.083
Restrained

C15H7C12N402
346.15

black
0.40x 0.15 x
0.07
P2i/n
6.7832(1)
10.0779(1)
20.4867(2)
90
94.754(1)
90
4
1395.66(3)
1.648

0.71073 (MoKa)

0.482
2.0-28.0
149.9(2)

Gemini Ultra

ST<h<g;
-10<k<12;
-25<[<25

12481

2828

2828

Multi-scan

0.928; 1.000
0.0213

0.0726
0.0932
2.644
Restrained
isotropic
229
0.670; -0.534;
0.060

0.0301

0.0371

0.982
Restrained

CisH;CLN4O,
346.15

black
0.40 x 0.15 x
0.07
P2i/n
6.78877(15)
10.07003(19)
20.4706(4)
90
94.7503(18)
90
4
1394.62(5)
1.643

0.71073 (MoKa)

0.480
2.0 —279
180.0(2)

Gemini Ultra

-8 <h<7,
-13<k<12;
-26<1<27

9309

2887

2822

Multi-scan

0.927; 1.000
0.034

0.0431
0.0537
1.766
Restrained
isotropic
229
0.475; -0.364;
0.055

0.0314
0.0381
1.271
Restrained

Ci5sH;CLN4O,
346.15

black
0.40 x 0.15 x
0.07
P2i/n
6.8159(1)
10.0882(1)
20.5143(2)
90
94.740(1)
90
4
1405.74(3)
1.636

0.71073 (MoKa)

0.480
2.0-282
210(1)

Gemini Ultra

SS<h<g;
-12<k<12;
-25<[<25

12507

3147

3147

Multi-scan

0.930; 1.000
0.0212

0.0532
0.0624
1.860
Restrained
isotropic
229
0.519; -0.456;
0.065

0.0377
0.0340
0.940
Restrained

CisH;CLN4O,
346.15

black
0.40 x 0.15 x
0.07
P2i/n
6.83004(15)
10.08887(19)
20.5119(4)
90
94.7341(18)
90
4
1408.60(5)
1.625

0.71073 (MoKa)

0.480
2.0 —2738
240.0(2)

Gemini Ultra

S1<h<9;
-13<k<12;
-26<1<26

9373

3218

3176

Multi-scan

0.953; 1.000
0.028

0.0509

0.0416
1.519

Restrained
isotropic
229
-0.469; -0.385;

0.060

0.0411
0.0357
1.112
Restrained
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anisotropic anisotropic anisotropic anisotropic anisotropic anisotropic
No. of parameters 238 238 238 238 238 238
APmax > APmins 0.472; -0.463; 0.259; -0.236; 0.264; -0.240; 0.292; -0.263; 0.310; -0.283; 0.302; -0.307;
APrms, (€A7) 0.0075 0.044 0.046 0.045 0.054 0.054
Table S1 Cont'd.
Compound 270K 293K 310K 340K 370K
Empirical formula CsH,CLLN4O, CsH,CLLN4O, CisH,CLN4O, CisH,CLLN4O, CsH,CLLN4O,
Formula wt. / g mol 346.15 346.15 346.15 346.15 346.15
Colour black black black black black
Crystal ‘Lllr;‘lens“’“/ 0.40x0.15x0.07  040x0.15x0.07  040x0.15x0.07  0.30x0.08x0.07  0.30x 0.08 x 0.07
Space group P2i/n P2i/n P2i/n P2i/n P2i/n
alA 6.84899(17) 6.86364(18) 6.87524(18) 6.9337(8) 6.9626(13)
blA 10.0928(2) 10.0969(2) 10.1004(2) 6.9337(8) 10.1312(9)
c/A 20.5226(4) 20.5284(4) 20.5391(4) 20.599(2) 20.609(2)
al® 90 90 90 90 90
ple 94.715(2) 94.703(2) 94.709(2) 94.713(9) 94.7000
y/° 90 90 90 90 90
V4 4 4 4 4 4
N 1413.83(5) 1417.86(5) 1421.47 (6) 1440.8(2) 1448.9(3)
Deae / g cm? 1.623 1.617 1.604 1.596 1.587
A1A 0.71073 (MoKa) 0.71073 (MoKa) 0.71073 (MoKa) 0.71073 (MoKa) 0.71073 (MoKa)
4/ mm” 0.47 0.47 0.47 0.465 0.463
O range / ° 2.0 —-27.8 2.0 -273 2.0 -27.3 1.98 —24.98 1.98-25.24
T/K 270.0(5) 293.0(5) 310.0(5) 340.0(2) 370.0(2)
Diffractometer type Gemini Ultra Gemini Ultra Gemini Ultra CAD4 CAD4
T<h<9; 9<h<T, 9<h<T, 0<h<g; 8<h<0;
Range of h, k, [ 13 <k<12; —13<k<12; —13<k<12; -12<k<0; -12<k<0;
-26<1<26 —26<1<27 —26<1<27 24<1<24 24 <1<24
Reflections collected 9414 9438 9454 3078 3031
Indepel?dent 3225 3235 3240 2530 2790
reflections
Observed reflections 3152 3131 2478 2325 2389
(I>20)
Absorption correction Multi-scan Multi-scan Multi-scan None None
Trmins Tinax 0.926; 1.000 0.956, 1.000 0.935, 1.000 - -
Rin 0.028 0.029 0.028 0.141 0.026
Spherical refinement
R (F) 0.0530 0.0529 0.0534 0.0481 0.0632
R, (F%) 0.0479 0.0578 0.0638 0.0339 0.0626
Goodness of fit 1.479 1.109 1.185 0.511 1.594
Restrained Restrained Restrained Restrained Restrained
H atom treatment . . . . . . . . . .
isotropic isotropic isotropic isotropic isotropic
No. of parameters 229 229 229 229 229
APrmax s APminy APrmss 0.440; -0.376; 0.356; -0.369; 0.400; -0.412; 0.404; -0.345; 0.357;-0.361;
(eA™) 0.061 0.059 0.064 0.052 0.064
Multipolar refinement
R (F) 0.0428 0.0441 0.0432 0.0419 0.0569
R, (F?) 0.0338 0.0414 0.0384 0.0267 0.0518
Goodness of fit 1.064 0.832 0.840 0.408 1.328
Restrained Restrained Restrained Restrained Restrained
H atom treatment . . . . . . . . . .
anisotropic anisotropic anisotropic anisotropic anisotropic
No. of parameters 238 238 238 238 238
ApPrmax 5 APmin, APrms, 0.283;-0.315; 0.289; -0.286; 0.367; -0.329; 0.340; -0.320; 0.385; -0.349;
(eA™) 0.055 0.053 0.050 0.047 0.061
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Table S2 Crystallographic, data collection and refinement data for high-pressure X-ray diffraction.

Compound 0.25 GPa 0.49 GPa 0.86 GPa 1.42 GPa 1.85 GPa
Empirical formula CysH,CLN4O, CysH,CLN4O, CsH,CLLN4O, CysH,CLN4O, CysH,CLN4O,
Formula wt. / g mol™ 346.15 346.15 346.15 346.15 346.15
Colour black black black black black
Crystal dimensions /mm  0.25x 0.10 x 0.05 0.25x 0.10x 0.05 0.25x0.10x 0.05 0.25x0.10 x 0.05 0.25x0.10x 0.05
Space group P2i/n P2i/n P2i/n P2i/n P2i/n
alA 6.8312(4) 6.7445(3) 6.6277(4) 6.5155(3) 6.4387(2)
bl A 10.0839(16) 10.0486(12) 10.0050(17) 9.9444(12) 9.9135(11)
c/A 20.5232(15) 20.4539(11) 20.3418(16) 20.2293(11) 20.1349(10)
al® 90 90 90 90 90
Bl° 94.635(6) 94.589(4) 94.609(5) 94.662(4) 94.729(3)
y/° 90 90 90 90 90
V4 4 4 4 4 4
viIA 1409.1(3) 1381.77(19) 1344.5(3) 1306.37(18) 1280.83(16)
Deae / g cm™ 1.632 1.664 1.710 1.760 1.795
A1A 0.71073 (MoKa) 0.71073 (MoKa) 0.71073 (MoKa) 0.71073 (MoKa) 0.71073 (MoKa)
4/ mm” 0.476 0.485 0.499 0.513 0.523
O range / ° 2.0-225 1.998 -25.4 2.009 —26.4 2.020 -26.6 2.030-26.7
T/K 293(2) 293(2) 293(2) 293(2) 293(2)
Diffractometer type Gemini Ultra Gemini Ultra Gemini Ultra Gemini Ultra Gemini Ultra
-8 <h<g; 8<h<8; T<h<T; S1<h<T, SI<h<T,
Range of h, k, [ -8 <k<8; -8 <k<g; 8 <k<g; -8 <k<S8; -8 <k<8;
-23</<23 -23<[<23 -23<1<23 -23</<23 -23<[<23
Reflections collected 7278 7093 6881 6645 6531
Independent reflections 1702 1716 1673 1632 1618
Observed reflections 1702 1716 1673 1632 1618
(I>20)
Absorption correction Multi-scan Multi-scan Multi-scan Multi-scan Multi-scan
Trnins Tinax 0.361, 0.450 0.364, 0.450 0.364, 0.450 - -
Rin 0.0875 0.073 0.074 0.074 0.074
Spherical refinement
R (F) 0.1346 0.1425 0.1396 0.1297 0.1242
R, (F%) 0.0644 0.0740 0.0705 0.0695 0.0731
Goodness of fit 0.778 1.888 1.368 1.492 1.703
Restrained Restrained . . . Restrained Restrained
H atom treatment . . . . Restrained isotropic . . . .
isotropic isotropic isotropic isotropic
No. of parameters 229 229 229 229 229
APiax > APriny APrmns, (€A 0.757; -0.673; 0.709; -0.816; 0.773; -0.839; 0.920; -0.740; 0.703; -0.823;
%) 0.139 0.144 0.139 0.144 0.147
Multipolar refinement
R (F) 0.1295 0.1280 0.1233 0.1120 0.1167
R, (F?) 0.0576 0.0680 0.0633 0.0612 0.0683
Goodness of fit 0.733 1.917 1.230 1328 1.565
Restrained Restrained . . . Restrained Restrained
H atom treatment . . . . Restrained isotropic . . . .
isotropic isotropic isotropic isotropic
No. of parameters 238 238 238 238 238
APrmax s APrmins APrms, (€A 0.668; -0.673; 0.693; -0.730; 0.737; -0.652; 0.712; -0.839;
3 0.133 0.141 0.733;-0.769; 0.137 0.136 0.142
Table S2 Cont'd.
Compound 3.09 GPa 3.95 GPa

Empirical formula

C 1 5H7C12N402

CsH;,CLLN4O,

Formula wt. / g mol’! 346.15 346.15
Colour black black

Crystal dimensions / mm 0.25x 0.10 x 0.05 0.25x 0.10 x 0.05
Space group P2/n P2/n
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alA
b/A
c/A
ol®
Bre°
y/°
Z
VA
Do/ g om™
AlA
4/ mm’”
O range / °
T/K
Diffractometer type

Range of 1, k, [

Reflections collected
Independent reflections
Observed reflections
(U=20)
Absorption correction
Tinins Tinax
Rine
Spherical refinement
R (F)

R, (F)
Goodness of fit
H atom treatment
No. of parameters
Apmax 5 Apmin, Aprms: (CA_s)
Multipolar refinement
R(F)

R, (F)
Goodness of fit
H atom treatment
No. of parameters
Apmax > Apmina AprmSa (eA%)

6.2590(2)
9.8519(12)
19.8571(11)

90
95.624(4)
90
4
1218.56(17)
1.887
0.71073 (MoKa)
0.550
2.061 -27.2
293(2)
Gemini Ultra

ST<h<7,
-8 <k<8;
-23<1<22

6137
1528

1528

Multi-scan
0.368, 0.449
0.076

0.1157
0.0831
1.682
Restrained isotropic
229

0.860; -0.784; 0.151

0.1108
0.0766
1.588
Restrained isotropic
238
0.910; -0.827; 0.148

6.2058(3)
9.8299(15)
19.7739(13)

90

95.781(5)

90
4
1200.1(2)
1.916
0.71073 (MoKa)
0.559
2.316-27.3
293(2)

Gemini Ultra
ST<h<7,
8<k<8;
-22<1<22

6073
1502

1502

Multi-scan
0.366, 0.449
0.070

0.1113
0.0737
1.741
Restrained isotropic
229

0.893; -0.780; 0.144

0.1030
0.0663 90K
1.623
Restrained isotropic
238
0.785; -0.800; 0.141
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293 K

310K
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340 K

370 K
Figure S1 ORTEP-3 [1] diagram of 4-cyano-N-methylpyridinium cation (left) and DDQ radical anion
(right) after transferred-multipolar refinement at various temperatures. Displacement ellipsoids are

shown for the probability of 50 %.
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0.86 GPa

1.42 GPa
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1.85 GPa

3.09 GPa
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02

3.95 GPa
Figure S2 ORTEP-3 [1] diagram of 4-cyano-N-methylpyridinium cation (left) and DDQ radical anion
(right) after transferred-multipolar refinement at various pressures. Displacement ellipsoids are shown

for the probability of 50 % and hydrogen atoms are shown as spheres of arbitrary radii.
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S2 Generation of a set of transferrable multipoles: data on refinement (including a list of

constraints and restraints used) and residual densities

Table S3 Details on refinement of charge density for generation of transferrable multipoles. Original
multipolar refinement with minimal restraints taken from ref. [2] and a simplified model with

constraints, to obtain a set of transferrable multipoles.

Unrestrained multipolar refinement [2]

Weighting scheme w=1/[60(Fo")]

R (F) 0.0298

Ru (F?) 0.0285

Goodness of fit 1.518

H atom treatment Restrained anisotropic
No. of parameters 709

No. of restraints 477

Apmax , ApPmin 0.366; -0.369; 0.064
Apms (eA7?)

Constrained multipolar refinement for obtaining transferrable multipoles
Weighting scheme w = 1/[6(F)]

R (F) 0.0309

Ru (F?) 0.0312

Goodness of fit 1.461

H atom treatment Restrained anisotropic
No. of parameters 709

No. of restraints 477

ApPmax , ApPmin 0.400; -0.364; 0.065
Aprms (eA)
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Figure S3 Residual density in the plane of the DDQ radical anion with all reflections used (left) and

only low-angle reflections (rignt; s < 0.7 A™) used. Data from the original minimal-restraint multipolar
refinement [2] is shown in the top row and data from constrained multipolar refinement for generation
of transferrable multipoles is shown in the bottom row. Positive density is shown in blue and negative

in red; yellow dotted lines represent zero density. Contours are drawn for 0.05 eA™.
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o

F“’)

only low-angle reflections (right; s < 0.7 A™") used. Data from the original minimal-restraint multipolar
refinement [2] is shown in the top row and data from constrained multipolar refinement for generation

of transferrable multipoles is shown in the bottom row. Positive density is shown in blue and negative
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§°@ﬁgmoo

Figure S4 Residual den51ty in the plane of the 4-CN-N-MePy cation with all reflections used (left) and

in red; yellow dotted lines represent zero density. Contours are drawn for 0.05 eA™.

Table S4 List of constraints and restraints used to generate a set of transferrable multipoles.

CONSTRAINTS

FIXUIJ H9 1 0.023881 0.038016 0.025286 -0.005153 0.007173 -0.007213

FIXUIJ H10 1 0.029901 0.036509 0.019252 -0.005644 0.001479 -0.009212
FIXUIJ HI12 1 0.032035 0.033231 0.021116 -0.008370 0.006930 -0.000709
FIXUIJ H13 1 0.032587 0.029130 0.018226 -0.004551 -0.000214 -0.006100
FIXUIJ H14A 1 0.031365 0.047547 0.025164 -0.007117 0.009576 -0.010196
FIXUIJ H14B 1 0.034845 0.032385 0.033437 0.000906 -0.011153 0.005875
FIXUIJ H14C 1 0.029463 0.021814 0.044473 0.004242 0.002950 -0.011162

CONKAP Cl1
CONKAP O1
CONKAP N1
CONKAP Cl1
CONKAP C2
CONKAP C5
CONKAP C7
CONKAP C9
CONKAP C10
CONKAP H9
CONKAP H10
CONKAP H14A

AVEPVM Cl1
AVEPVM O1

1
1
1
1
1
1
1
1

C12
02
N2
C4
C3
C6
C8
C13 1

P —

1 Cl12 1

1

HI3 1

1 HI2 1

1 H14B 1 H14C

1 Cl2 1
1 02 1
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AVEPVM N1 1 N2 1
AVEPVM C1 1 C4 1
AVEPVM C2 1 C3 1
AVEPVM C5 1 C6 1
AVEPVM C7 1 C8 1
AVEPVM C9 1 C13 1
AVEPVM C10 1 Cl12 1
AVEPLM C7 1 CI5 1
AVEPVM H9 1 HI3 1
AVEPVM HIO 1 H12 1
AVEPVM HI4A 1 H14B 1 H14C 1
AVEPLM H9 1 HI4A 1

SYMPLM mxmy ClII
SYMPLM mxmy CI2
SYMPLM mymz Ol
SYMPLM mymz O2
SYMPLMcy NI 1
SYMPLMcy N2 1
SYMPLM mymz Cl1
SYMPLM mymz C2
SYMPLM mymz C3
SYMPLM mymz C4
SYMPLM mz  C5 1
SYMPLM mz  C6 1
SYMPLMcy C7 1
SYMPLMcy C8 1
SYMPLM mymz N3 1
SYMPLMcy N4 1
SYMPLMmz (9 1
SYMPLM mymz C10
SYMPLM mymz Cl11
SYMPLM mymz C12
SYMPLMmz CI13 1
SYMPLM3m Cl14 1
SYMPLMcy CI5 1

CONURA C9 1 H9 1 12
H10 1 1.2

S Ty

— e

CONURA CI10 1

CONURA CI2 1 HI2 1 1.2
CONURA C13 1 HI13 1 1.2
CONURA C14 1 HI14C 1 15
CONURA CI14 1 HI4B 1 15
CONURA C14 1 HI4A 1 15

CONDIS C9 1 H9 1 1.083

CONDIS C10 1 HI0O 1 1.083
CONDIS C12 1 HI2 1 1.083
CONDIS C13 1 HI3 1 1.083
CONDIS C14 1 HI14C 1 1.077
CONDIS C14 1 HI4B 1 1.077
CONDIS C14 1 HI4A 1 1.077
RESTRAINTS

RESVAL CI1 1 7.15 0.01

Supporting information, sup-19
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RESVAL CI2 1 7.15 0.01
RESVAL O1 1 6.20 0.01
RESVAL 021 6.20 0.01
RESVAL N1 1 5.000.01
RESVAL N2 1 5.00 0.01
RESVAL N314.950.01
RESVAL N4 1 5.00 0.01
RESVAL C113.90.01
RESVAL C214.00.01
RESVAL C314.00.01
RESVAL C413.90.01
RESVAL C514.00.01
RESVAL C514.00.01
RESVAL C714.150.01
RESVAL C814.15 0.01
RESVAL C914.100.01
RESVAL C101 3.90 0.01
RESVAL C121 3.90 0.01
RESVAL C11 1 4.00 0.01
RESVAL C1314.100.01
RESVAL C14 1 4.00 0.01
RESVAL C1514.100.01

KAPPA2 CHEM H 1.15 0.04
KAPPA1 CHEM H 1.15 0.04
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S3 List of transferrable multipoles

Supporting information, sup-21

Table S5 List of transferrable multipoles (ELMAM?2 [3] output).

CHEMAT AXES AX AY AZ NEIGH COMPOUND

ATOM Cl1 0 Cl zZX C C - C Clc
NBOND 1 CYCL 0 CHIV - CHIR 0
SYMPLM mxmy CONVAL - CONPLM - CONKAP -
DIST CI-C 1.710

ANGL

KMD  1.000820.71662 7.194 0. 0. 0. -0.043
KMD_ESD 0.001650.02314 0.016 0. 0. 0. 0.008
QUA -0.167 0. 0. -0.010 0.

QUA_ESD 0.009 0. 0. 0.007 0.

OCT 0.133 0. 0. -0.008 0. 0. O.

OCT ESD 0.009 0. 0. 0.007 0. 0. O.

HEX 0.028 0. 0. -0.011 0. 0. 0. -0.020 0.
HEX ESD 0.010 0. 0. 0.009 0. 0. 0. 0.009 0.
TEXT C1_C_CC_CIO Cllc$[1.5¢%(1cllc)le(1.501c)]

O1 1 O XY € Cc - C Oc
NBOND 1 CYCL 0 CHIV - CHIR 0
SYMPLM mymz  CONVAL - CONPLM - CONKAP -
DIST O-C 1.247

ANGL

KMD  0.98506 0.83185 6.192 0. -0.051 0. O.
KMD_ ESD 0.00145 0.04217 0.015 0. 0.009 0. O.
QUA -0.086 0. 0. -0.080 0.
QUA_ESD 0.008 0. 0. 0.008 0.

OCT 0. -0.029 0. 0. 0. 0.028 0.

OCT ESD 0. 0.007 0. 0. 0. 0.006 0.
TEXT O_C CC _CI O1.5¢$[1c%(1cll.5¢)1e(1.5¢1.5¢)]

ATOM

ATOM NI .1 N ZX C C - C Nc
NBOND 1 CYCL 0 CHIV - CHIR 0
SYMPLM cy CONVAL - CONPLM - CONKAP -
DIST N-C 1.158

ANGL

KMD  0.99260 0.98960 5.000 0. 0. 0. -0.038
KMD_ESD 0.00187 0.03890 0.016 0. 0. 0. 0.009
QUA 0.192 0. 0. 0. 0.

QUA ESD 0.010 0. 0. 0. O.

OCT 0.056 0. 0. 0. 0. 0. O.

OCT ESD 0.009 0. 0. 0. 0. 0. 0.
TEXTN_C_C N2c$[1.5¢(1cl.5¢)]

ATOM Cl1.1 C bXYy C C - O0CC Cocc
NBOND 3 CYCL 0 CHIV 0.016 CHIR 0
SYMPLM mymz  CONVAL - CONPLM - CONKAP -
DIST C-O 1.247 C-C 1469 C-C 1.450

ANGL O-C-C 122.7 O-C-C 1224 C-C-C 114.9

KMD  1.00042 0.90646 3.895 0. -0.092 0. O.
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KMD_ESD 0.00246 0.01722 0.017 0. 0.012 0. 0.
QUA 20252 0. 0. 0.081 0.

QUA_ESD 0.009 0. 0. 0.009 0.

OCT 0. -0.0110. 0. 0. -0.347 0.

OCT ESD 0. 0.009 0. 0. 0. 0014 0.

TEXT C_OCC_CICCC CIN Cl.501c$[lcll.5c(Icllc)]1c%[1.5¢(2n)1.5¢(1cl.5¢)]

ATOM C21 C bXY C C - CCC  Ceec
NBOND 3 CYCL 0  CHIV 0.030 CHIR 0

SYMPLM mymz CONVAL - CONPLM - CONKAP -

DIST C-C 1.450 C-C 1.425 C-C 1.389

ANGL C-C-C 1159 C-C-C 122.6 C-C-C 121.5

KMD  0.99561 0.88083 3.988 0. -0.013 0. 0.

KMD_ESD 0.00254 0.01838 0.016 0. 0.007 0. 0.

QUA 0.179 0. 0. 0.018 0.

QUA_ESD 0.010 0. 0. 0.006 0.

OCT 0. -0.0150. 0. 0. -0.336 0.

OCT ESD 0. 0.007 0. 0. 0. 0015 0.

TEXT C_CCC_ONCCC_CION Cle$[1.50l¢(1cll.5¢)]1.5¢%[2n]1.5¢[1e(1.501¢)1.5¢(2n)]

ATOM C51 C bXY C C - CICC  Cclee
NBOND 3 CYCL 0  CHIV 0.002 CHIR 0

SYMPLM mz  CONVAL - CONPLM - CONKAP -

DIST C-Cl 1.710 C-C 1.363 C-C 1.468

ANGL Cl-C-C 121.6 C-C-C 115.8 C-C-C 122.6

KMD  0.993650.93029 4.007 0. 0.066 -0.006 0.

KMD_ESD 0.00252 0.02138 0.012 0.  0.008 0.007 0.

QUA 0.164 0. 0. -0.060-0.037

QUA ESD 0.009 0. 0. 0.007 0.006

OCT 0. 0.037-0.012 0. 0. -0.280-0.030

OCT ESD 0. 0.007 0.007 0. 0. 0.014 0.007

TEXT C_CICC _CIOCC O Clcll.5¢$[1clle(1.501¢)]1c%[1.501¢(1.5¢1.5¢)]

ATOM C71 C ZX N C - NC  Cnc
NBOND 2 CYCL O  CHIV - CHIR 0
SYMPLM cy  CONVAL - CONPLM - CONKAP -
DIST C-N 1.158 C-C 1.425

ANGL N-C-C 179.1

KMD  1.006250.86503 4.138 0. 0. 0. 0.258
KMD_ESD 0.00267 0.01916 0.016 0. 0. 0. 0.013
QUA 0409 0. 0. 0. O.

QUA_ESD 0.014 0. 0. 0. 0.

OCT -00120. 0. 0. 0. 0. O

OCT ESD 0.010 0. 0. 0. 0. 0. O.

TEXT C_NC_CC_O C2n$1.5¢[1c%(1.501¢c)1.5¢(1¢c1.5¢)]

ATOM N3 1 N bXY C C - CCC Nece
NBOND 3 CYCL 0 CHIV 0.023 CHIR 0
SYMPLM mymz CONVAL - CONPLM - CONKAP -
DIST N-C 1.347 N-C 1.348 N-C 1.476

ANGL C-N-C 121.8 C-N-C 120.0 C-N-C 118.2

KMD  0.99882 0.88540 4.979 0. 0.007 0. O.
KMD_ESD 0.00236 0.04027 0.017 0. 0.014 0. 0.

QUA -0.140 0. 0. -0.012 0.

QUA_ESD 0.012 0. 0. 0.014 0.
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OCT 0. 0.0350. 0. 0. -0.220 0.
OCT ESD 0. 0.010 0. 0. 0. 0.019 0.
TEXT N _CCC_CCHHHHH Nlc%[1.5¢(1.5cIh)1h]1e$[1.5¢(1.5c1h)1h]lc[1hlh1h]

ATOM

N4l N ZX C C - C NS
NBOND 1 CYCLO CHIV - CHIR 0
SYMPLM cy  CONVAL - CONPLM - CONKAP -
DIST N-C 1.156

ANGL

KMD  0.991850.98401 5.000 0. 0. 0. -0.028
KMD_ESD 0.00237 0.05539 0.017 0. 0. 0. 0.013
QUA 0208 0. 0. 0. O.

QUA_ESD 0.014 0. 0. 0. O.

OCT  00190. 0. 0. 0. 0. O.

OCT ESD 0.0120. 0. 0. 0. 0. O

TEXTN C_C N2c$[1.5¢(1.5¢1.5¢%)]

ATOM C91 C bXY N C - NCH Cnch
NBOND 3 CYCL 0  CHIV 0.000 CHIR 0

SYMPLM mz  CONVAL - CONPLM - CONKAP -

DIST C-N 1347 C-C 1381 C-H 1.083

ANGL N-C-C 1204 N-C-H 119.8 C-C-H 119.8

KMD  0.99438 0.81763 4.111 0. 0. 0.066 0.

KMD_ESD 0.00270 0.01767 0.017 0. 0.014 0.013 0.

QUA 0291 0. 0. 0.025 0.086

QUA_ESD 0.013 0. 0. 0.013 0.011

OCT 0. -0.005-0.011 0. 0. -0.369 0.001

OCT ESD 0. 0.010 0.011 0. 0. 0.018 0.014

TEXT C_ NCH CCCH Cln$[lc(1.5¢c1h)le(1h1h1h)]1.5¢%][1.5¢(1.5¢1.5¢)1h]1h

ATOM H91 H ZX C N - C He
NBOND 1 CYCL O CHIV- CHIR 0
SYMPLM 1 CONVAL - CONPLM - CONKAP -
DIST H-C 1.083

ANGL

KMD  1.092391.15731 0.803 0. 0. 0. 0.173
KMD ESD 0.022350.03555 0.037 0. 0. 0. 0.009
TEXT H_ C_NC Hlc$[1n%(1clc)1.5¢(1.5c1h)]

ATOM CI01 C bXY C C - CCH Cecch
NBOND 3 CYCL 0  CHIV 0.000 CHIR 0

SYMPLM mymz CONVAL - CONPLM - CONKAP -

DIST C-C 1.381 C-C 1.393 C-H 1.083

ANGL C-C-C 118.6 C-C-H 120.7 C-C-H 120.7

KMD  0.99960 0.92169 3.909 0. -0.048 0. 0.

KMD_ESD 0.00289 0.02176 0.017 0. 0.014 0. 0.

QUA 0241 0. 0. 0.026 0.

QUA_ESD 0.011 0. 0. 0.012 0.

OCT 0. 0.0340 0 0. -03030.

OCT ESD 0. 0.009 0. 0. 0. 0017 0.

TEXT C_CCH NCCH N Cl.5¢$[In(Iclc)1h]1.5¢%[1.5¢(2n)1.5¢(1.5¢1h)]1h

ATOM HI0OO1 H zZX C C - C Hc
NBOND 1 CYCL 0 CHIV - CHIR 0
SYMPLM 1 CONVAL - CONPLM - CONKAP -
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DIST H-C 1.083
ANGL

KMD  1.14627 1.17910 0.728 0. 0. 0. 0.125
KMD_ESD 0.02575 0.05438 0.036 0. 0. 0. 0.013
TEXTH C CC N HIc$[1.5¢%(Inlh)1.5¢(1.5¢1.5¢)]

ATOM CI11 C bXY C C - CCC  Ccee
NBOND 3 CYCL 0  CHIV 0.029 CHIR 0
SYMPLM mymz CONVAL - CONPLM - CONKAP -
DIST C-C 1.436 C-C 1.393 C-C 1.393

ANGL C-C-C 120.7 C-C-C 119.1 C-C-C 120.1

KMD  0.99992 0.85301 4.011 0. 0.057 0. 0.
KMD_ESD 0.00337 0.02703 0.017 0. 0.014 0. 0.

QUA 0.274 0. 0. -0.026 O.

QUA_ESD 0.015 0. 0. 0.013 0.

OCT 0. 0.200. 0. 0. -0.324 0.

OCT ESD 0. 0.0130. 0. 0. 0023 0.

TEXT C_CCC_NCCHH NN Cl1.5¢[2n]1.5¢$[1.5¢c(In1h)1h]1.5¢%[1.5¢(1n1h)1h]

ATOM Cl41 C ZX N H - NHHH Cnhhh
NBOND 4 CYCL 0  CHIV 0.758 CHIR 0
SYMPLM 3m  CONVAL - CONPLM - CONKAP -
DIST C-N 1476 C-H 1.077 C-H 1.077 C-H 1.077
ANGL N-C-H 109.4 N-C-H 109.5 N-C-H 109.5 H-C-H 109.5 H-C-H 109.5 H-C-H 109.5
KMD  0.99696 0.90778 4.016 0. 0. 0. -0.090
KMD_ESD 0.00348 0.03812 0.018 0. 0. 0. 0.017
QUA 0.094 0. 0. 0. 0.

QUA_ESD 0.018 0. 0. 0. O.

OCT 0257 0. 0. 0. 0. 0.106 0.

OCT ESD 0.022 0. 0. 0. 0. 0.019 0.

TEXT C_ NHHH CC ClIn$[lc(1.5¢c1h)le(1.5¢1h)]1h1h%1h

ATOM HI4A 1 H ZX C N - C He
NBOND 1 CYCL O CHIV - CHIR 0
SYMPLM 1 CONVAL - CONPLM - CONKAP -
DIST H-C 1.077

ANGL

KMD  1.07472 1.14788 0.972 0. 0. 0. 0.173
KMD_ESD 0.01609 0.03622 0.028 0. 0. 0. O.
TEXT H_C_NHH HIlc$[1n%(1clc)1hlh]

ATOM HI4B1 H ZX C N - C He
NBOND 1 CYCL O  CHIV - CHIR 0
SYMPLM 1 CONVAL - CONPLM - CONKAP -
DIST H-C 1.077

ANGL

KMD  1.074721.14788 0.972 0. 0. 0. 0.173
KMD ESD 0. 0. 0. 0. 0. 0. O.

TEXT H_C_ NHH Hlc$[1n%(1clc)lhlh]

ATOM HI4C1 H ZX C N - C He
NBOND 1 CYCL 0 CHIV - CHIR 0
SYMPLM 1 CONVAL - CONPLM - CONKAP -
DIST H-C 1.077

ANGL
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KMD  1.074721.14788 0.972 0. 0. 0. 0.173
KMD ESD 0. 0. 0. 0. 0. 0. 0.
TEXT H C NHH HIcS$[1n%(1clc)lhlh]
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ATOM CI51 C ZX N C - NC  Cnec
NBOND 2 CYCL 0  CHIV - CHIR 0
SYMPLM cy  CONVAL - CONPLM - CONKAP -
DIST C-N 1.156 C-C 1.436

ANGL N-C-C 176.5

KMD  1.01807 0.83637 4.109 0. 0. 0. 0.258
KMD_ESD 0.00359 0.02535 0.017 0. 0. 0. O.
QUA 0409 0. 0. 0. O.

QUA_ESD 0. 0. 0. 0. 0.

OCT  -00120. 0. 0. 0. 0. O

OCTESD 0. 0. 0. 0. 0. 0. 0.

TEXT C_NC_CC C2n$1.5¢[1.5¢%(1.5¢1h)1.5¢(1.5¢1h)]
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S4 Residual densities at variable temperatures (spherical and multipolar)
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Figure S5 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 90 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S6 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 120 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S7 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 150 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S8 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 180 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S9 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 210 K. Left: spherical refinement, right: transferred-multipole

refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S10 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDQ radical anion (bottom row) at 240 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S11 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 270 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S12 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDQ radical anion (bottom row) at 273 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S13 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 310 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S14 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDQ radical anion (bottom row) at 340 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

eA.

density. Contours are drawn for 0.05
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Figure S15 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

&
a7

DDQ radical anion (bottom row) at 370 K. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S16 XDRK plot showing the expected and experimental Yops- Yearc data profile for
variable-temperature data.
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Figure S17 XDRK plot showing the fit of <Y, vs <Y.u> as a function of resolution for variable-

temperature data.
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Figure S18 Fractal dimension plots of residual density [(Yops-Yealc)/ Ovobs] fOr variable-temperature data.

The plot was prepared by the program jnk2rda [4].

SS Residual densities at high pressures (spherical and multipolar)
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Figure S19 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDAQ radical anion (bottom row) at 0.25 GPa. Left: spherical refinement, right: transferred-multipole

refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S20 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDAQ radical anion (bottom row) at 0.49 GPa. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S21 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDQ radical anion (bottom row) at 0.86 GPa. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S22 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 1.42 GPa. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S23 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDAQ radical anion (bottom row) at 1.85 GPa. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.



IUCrJ (2021). 8, doi:10.1107/S2052252521005273 Supporting information, sup-49

)

9

S

Figure S24 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and
DDQ radical anion (bottom row) at 3.09 GPa. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S25 Residual density in the mean plane of 4-cyano-N-methylpyridinium cation (top row) and

DDQ radical anion (bottom row) at 3.95 GPa. Left: spherical refinement, right: transferred-multipole
refinement. Positive density is shown in blue and negative in red; yellow dotted lines represent zero

density. Contours are drawn for 0.05 eA™.
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Figure S26 XDRK plot showing the expected and experimental Yops- Yeale data profile for

high-pressure data.
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