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[bookmark: _Hlk137040837]Compound Characterization:
[nBu4N]2[4-fluorophenyldodecaborate] (1p)


Synthesized following the general procedure A. Using 4-fluorophenylmagnesium bromide solution (1 M /THF). (78% yield). 1H NMR (400 MHz, acetone-d6) δ 1.95 – 1.98 (t), 1.30 – 1.40 (m), 1.55 – 1.63 (m), 3.06 – 3.10 (m), 6.66-6.71 (d,), 7.48-7.51 (t,). 19F NMR (376 MHz, acetonitrile-d3): δ -123.87. 11B{1H } NMR (128 MHz, acetone-d6) δ -17.88(1B-H), -15.79 (5B-H), -14.63 (5B-H), -6.55 (1B-C). 13C NMR (100 MHz, acetonitrile-d3) δ ([nBu4N] C: 14.01, 20.48, 24.51, 59.47), (aromatic C: 112.65 C-F, (d, J=17 HZ), 118.49, 135.88), the Bcage—C was not observed. HRMS: (ESI): m/z Calcd. for [C6H16FB12]2−, 118.1097; found, 118.0869.
 [nBu4N]2[3-fluorophenyldodecaborate] (1m)


Synthesized following the general procedure A. Using 3-fluorophenylmagnesium bromide solution (1 M/THF). (75% yield). 1H NMR (400 MHz, DMSO-d6) δ = 0.84– 0.88 (t, J = 7.3, 24H), 1.20 – 1.28 (h, J = 7.3, 16H), 1.45 – 1.53 (p, J = 8.6, 8.2, 16H), 2.96 – 3.0 (m, 16H), 6.46 – 6.53 (1H), 6.83 – 6.88 (1H), 7.22-7.27 (2H). 19F NMR (376 MHz, DMSO-d6) δ =-119.93. 11B NMR (128 MHz, DMSO-d6) δ -18.10 (1B, d, J = 141), -16.3 (5B, d, J = 134),-15.19 (5B, d, J = 134), -7.29 (s, 1B). HRMS: (ESI): m/z Calcd. for [C6H16FB12]2−, 118.1097; found, 118.0869..HRMS: (ESI): m/z Calcd. for [C6H16FB12]2−, 118.1097; found, 118.0869.
 [Me4N]2[4-fluoroaniliniumdodecaborate] (2p)


[bookmark: _Hlk137635607]Synthesized following the general procedure B. Using 4-fluoroaniline (186 mg, 0.408 mmol, 2.0 equiv). (52% yield). 1H NMR (400 MHz, Acetonitrile-d3) δ = 0.4 – 1.4 (11H, BH, 2.25 (s, 12H), 7.09-7.12 (d,2H), 7.23-7.24 (d,2H). 11B{1H} NMR (128 MHz, acetonitrile-d3) δ = -19.03 (1B, d, J = 141), -16.87 (10B, d, J = 117), -4.63 (s, 1B). 19F NMR (376 MHz, DMSO-d6) δ = -117.04, DMSO-d6+NaOD, δ = -135.56. 13C NMR (100 MHz, Acetonitrile-d3) δ = 115.95, 116.18, 125.73, 125.81, 135.25. HRMS: (ESI): m/z Calcd. for [C6H17NFB12]2−: 125.6150; found: 125.6120.
 [nBu4N]2[3-fluoroaniliniumdodecaborate] (2m)


Synthesized following the general procedure B. Using 3-fluoroaniline (86 mg, 0.722 mmol, 2.0 equiv). (81% yield). 1H NMR (400 MHz, DMSO-d6) δ = 0.89 – 0.98 (t, J = 7.3, 12H), 1.26 – 1.41 (h, J=7.3, 9H), 1.51 – 1.65 (p, J = 8.6, 8.2, 7H), 3.10 – 3.14 (m, 8H), 7.09 – 7.11 (m, 3H), 8.4 – 8.5 (m, 1H). 11B{1H} NMR (128 MHz, DMSO-d6) δ -19.98 (d, 1B), -17.63 (d, 5B), -16.63 (d, 5B), -4.71 (s, 1B). 11B{1H} NMR (128 MHz, Acetone-d6) δ -18.84 (d, 1B), -17.15 (d, 5B), -16.52 (d, 5B), -4.86(s, 1B). 19F NMR (376 MHz, DMSO-d6) δ =-114.09, DMSO-d6+NaOD, δ = -114.83. HRMS: (ESI): m/z Calcd. for [C6H17NFB12]2−-: 125.6150; found: 125.6120.
 [nBu4N]2[4-nitroaniliniumdodecaborate] (3p)


Synthesized following the general procedure B. Using 4-nitroaniline (36.7 mg, 0.266 mmol, 2.0 equiv). (84% yield). 1H NMR (400 MHz, Acetonitrile-d3) δ = 0.89 – 0.98 (t, J=7.3, 24H), 1.26 – 1.41 (h, J = 7.3, 16H), 1.51 – 1.65 (p, J =8.6, 8.2, 16H), 3.01 – 3.13 (m, 16H), 5.97 – 6.08 (s, 1H), 6.96 – 7.06 (d, J = 8.4, 2H), 7.83 – 7.92 (d, J = 9.5, 2H). 11B{1H} (128 MHz, Acetonitrile-d3) δ = -18.82(1B, d, J = 130), -16.81(10B, d, J = 103), -4.66 (1B, s). 13C NMR (100 MHz, Acetonitrile-d3) δ = 1.32, 13.79, 20.26, 24.28, 59.24, 113.70, 120.80, 125.89, 127.09. HRMS: (ESI): m/z Calcd. for [C6H17N2O2B12]1− : 279.2489; found: 279.2554. [C6H16N2O2B12]2− : 139.6247; found: 139.1211.
 [nBu4N]2[3-nitroaniliniumdodecaborate] (3m)


Synthesized following the general procedure B. Using 3-nitroaniline (36.7 mg, 0.2662 mmol, 2.0 equiv). (83% yield). 1H NMR (400 MHz, Acetonitrile-d3) δ 1H NMR (400 MHz, Acetonitrile-d3) δ = 0.89 – 0.98 (t, J = 7.3, 24H), 1.26 – 1.41 (h, J = 7.3, 16H), 1.51 – 1.65 (p, J = 8.6, 8.2, 16H), 3.01 – 3.13 (m, 16H), 7.50 – 7.62 (m, 1H), 7.65 – 7.67 (m, 1H),8.07 – 8.12 (m, 1H), 8.37 – 8.42 (m, 1H). 11B{1H} NMR (128 MHz, Acetonitrile-d3) δ = -18.70 (1B, d, J = 130), -17.32 (5B, d, J = 103), -16.48 (5B, d, J = 103), -4.83(1B, s). 13C NMR (100 MHz, Acetonitrile-d3) δ = 1.32, 49.92, 119.31, 122.96, 130.59, 131.00, 140.26, 148.93. HRMS: (ESI): m/z Calcd. for [C6H16N2O2B12]2− : 139.6247; found: 139.1211.
 [nBu4N]2[4-formylaniliniumdodecaborate] (4p)


[bookmark: _Hlk137647395]Synthesized following the general procedure B. Using 4-aminobenzaldehyde (88 mg, 0.722 mmol, 2.0 equiv).(83% yield). 1H NMR (400 MHz, acetonitrile-d3) δ 0.91 – 0.98 (t, J=7.3, 12H), 1.30 – 1.39 (m, 16H), 1.55 – 1.63 m, 16H), 3.05-3.10 (m, 16H), 7.25 (NH), 7.39 – 7.41 (d, 2 ArH), 7.89 – 7.91 (d, 2 ArH), 9.97 (s, CHO, 1H). 11B{1H} NMR (128 MHz, Acetonitrile-d3) δ -17.88 (d, J = 114.1 Hz, 1B), -16.91 (d, J = 116.1 Hz, 5B), -16.26 (d, J = 116.1 Hz, 5B), -4.51 (s, 1B).δ -123.87. 13C NMR (100 MHz, Acetonitrile-d3) δ 12.90, 19.40, 23.38, 58.36, 123.98, 130.14, 135.11, 143.38, 191.70. HRMS: (ESI): m/z Calcd. for [C7H17ONB12]1-: 262.2504, found: 262.2072. calcd for [C23H53ON2B12]1−: 503.5284; found: 503.4702 . 
 




[nBu4N]2[B11H11-p-NO2] (5p)


Synthesized following the general procedure C. Using m-nitrophenylboronic acid. (81%yield). 1H NMR (400 MHz, acetonitrile-d3) δ 0.87 – 0.99 (t), 1.25 – 1.42 (m), 1.49 – 1.68 (m), 2.98 – 3.19 (m), 7.7-7.8 (d, Ar-2H), 7.8 (d, Ar-2H). 11B{1H} NMR (128 MHz, acetonitrile-d3) δ - 15.74 (1B-H), -14.74 (5B-H), -14.03 (5B-H), -7.03 (1B-C). 13C NMR (100 MHz, acetonitrile-d3) δ ([nBu4N] C: 12.93, 19.41, 23.43, 58.39), (aromatic C: 120.29, 134.14, 144.96), the Bcage-C was not observed. HRMS: (ESI): m/z Calcd. for [C22H51N2O2B12]1−: 505.5076, found, 505.4431, and Calcd. for (2-) peak 131.6070; found 131.5960.
 [nBu4N]2[B11H11-m-NO2] (5m)


Synthesized following the general procedure C. Using p-nitrophenylboronic acid. (81%yield). 1H NMR (400 MHz, acetonitrile-d3) δ 0.91 – 0.99 (t), 1.28 – 1.41 (m), 1.53 – 1.65 (q), 3.03 – 3.12 (m), 7.14 – 7.21 (t), 7.72 – 7.77 (d), 7.91 – 7.96 (d), 8.31 – 8.38(s). 11B{1H} NMR (128 MHz, acetonitrile-d3) δ -17.60 (1B-H), -16.00 (5B-H), -15.13 (5B-H), -7.83 (1B-C). 13C NMR (100 MHz, DMSO-d6) measured for the Cs salt: δ (aromatic C: 118.40, 126.83, 127.64, 140.82, 146.73), the Bcage-C was not observed. HRMS: (ESI): m/z Calcd. for [C22H51N2O2B12]1− : 505.5076; found, 505.4347, and calculate for (2-) peak 131.6070; found 131.5834.
 [nBu4N]2[B11H11-p-CHO-C6H4] (6p)


Following the general procedure C. Using 4-formylphenylboronic acid. (45% yield). 1H NMR (400 MHz, acetonitrile-d3) δ 0.92 – 0.98 (t), 1.29 – 1.40 (m), 1.53 – 1.64 (m), 3.04 – 3.12 (m), 7.46 – 7.49 (d), 7.73 – 7.79 (d), 9.83 (s, CHO). 11B{1H} NMR (128 MHz, acetonitrile-d3) δ -17.01 ( 1B-H), -15.71 ( 5B-H), -14.81( 5B-H), -7.18 (1B-C). 13C NMR (100 MHz, acetonitrile-d3) δ ([nBu4N] C: 12.95, 19.41, 23.44, 58.45, 126.95 (CHO), (aromatic C: 129.35, 130.43, 132.78, 134.31, 192.94), the Bcage—C was not observed. HRMS : (ESI): m/z Calcd. for [C7H16OB12]2−, 123.1119; found, 123.0748.
[bookmark: _Hlk136872304] [nBu4N]2[B11H11-m-CHO-C6H4] (6m)


[bookmark: _Hlk137723893]Synthesized following the general procedure C. Using 3-formylphenylboronic acid. (41%yield). 1H NMR (400 MHz, acetonitrile-d3) δ 0.94-0.98 (t,), 1.30-1.39 (m), 1.55-1.63 (m), 3.06- 3.10 (m), 7.14-7.18 (t), 7.42-7.44 (d), 7.86-7.88 (d), 8.06 (s), 9.90 (s, CHO). 11B{1H} NMR (128 MHz, acetonitrile-d3) δ -17.82 (1B-H), -16.06 (5B-H), -15.14 (5B-H), -7.46 (1B-C). 13C NMR (100 MHz, acetonitrile-d3) δ ([nBu4N] C: 12.89, 19.39, 23.39, 58.40), 126.29 (CHO), (aromatic C: 134.57, 123.71, 136.27, 140.29, 194.37), the Bcage—C was not observed. HRMS: (ESI): m/z Calcd. for [C7H16OB12]2−, 123.1119; found, 123.0748.
 [Et4N]2[B11H11-p-NH2-C6H4] (7p)


[bookmark: _Hlk137724031]Synthesized following the general procedure C. Using p-aminophenyl pinacol ester boronic acid. (37% yield). This compound was synthesized by using vinyl boronic acid pinacol ester. 1H NMR (400 MHz, acetonitrile-d3) δ 1.13- 1.6 (t), 3.06- 3.11 (q), 6.74- 6.75 (d), 7.48-7.49 (d). 11B{1H} NMR (128 MHz, acetonitrile-d3) δ -17.97 (1B-H), -16.15 (5B-H), -15.16 (5B-H), -7.28 (1B-C). 13C NMR (100 MHz, acetonitrile-d3) δ ([Et4N] C: 6.84, 52.15), (aromatic C: 114.42, 129.13, 134.65), the Bcage—C was not observed. HRMS: (ESI): m/z Calcd. for [C6H18NB12]2−, 116.6199; found, 116.6059.
[bookmark: _Hlk136875501] [Et4N]2[B11H11-m-NH2-C6H4] (7m)


Synthesized following the general procedure C. Using 3-aminolphenylboronic acid. (40% yield). 1H NMR (400 MHz, acetonitrile-d3) δ 1.13- 1.6 (t,), 3.06- 3.11 (q), 6.43-6.45 (d), 6.81-6.85 (t), 7.13 (br.). 11B{1H } NMR (128 MHz, acetonitrile-d3) δ -16.93 (1B-H) , -15.23 (5B-H), - 14.24 (5B-H), -6.30 (1B-C). 13C NMR (100 MHz, acetonitrile-d3) δ ([Et4N] C: 6.88, 52.15), (aromatic C: 112.87, 123.59, 126.45, 128.06, 138.49), the Bcage—C was not observed. HRMS: (ESI): m/z Calcd. for [C6H18NB12] 2-, 116.6199; found, 116.6059.
4-fluorophenol 
[bookmark: _Hlk137656425]19F NMR of 4-fluorophenol -126.23 ppm in DMSO-d6, -126.29 ppm in DMSO-d6 +NaOD.
3-fluorophenol 
19F NMR of 3-fluorophenol -112.31 ppm in DMSO-d6, -112.39 ppm in DMSO-d6 +NaOD.
[bookmark: _Toc132479527]Determination of the Hammett constants
The 19F measurements were recorded in DMSO-d6, with addition of NaOD for measurements where deprotonation was intended.
[bookmark: _Toc132479528]Calculation of values
For determining the Hammett constants, the change in chemical shift of 19F on substituted benzene derivatives was taken. This approach had been suggested by Hansch et al. 1. 
Values for 19F chemical shifts and the derived constants are listed in Table IV of Ref. 1. The following constants are listed there:
· The 19F chemical shift of substituted fluorobenzene minus that of fluorobenzene, both for p- and for m-substitution (written in Ref. 1 as [image: ], abbreviated in the following as ΔH-y, with y = m or y = p for meta- and para-substituted derivatives, respectively).
· The chemical shift difference between para- and meta-substituted derivatives of the same substituent (written in Ref. 1 as [image: ], abbreviated in the following as Δp-m, with m and p for meta- and para-substituted derivatives, respectively).
· σF as constant for field parameter, calculated according to equation (10) (see below – numbering of the equations is according to Ref. 1, in order to allow to locate the equations more easily).
· F as alternative constant for field parameter, calculated according to equation (11)
· σR as constant for resonance parameter, with σR- for π-acceptors or neutral substituents (such as CH3) and σR+ for π-donors, calculated according to equations (22) and (23), respectively. (In Table S2, the donors are marked with D, the acceptors/neutrals with A.) For the calculation, the difference in 19F chemical shift between meta- and para-substituted derivatives (Δp-m) is used.
· R+ and R- constants, calculated according to equation (12), with α being given in the paper as 0.921. The constant σp is given by equation (2). The constant σR is given by equations (22) for acceptors and (23) for donors, respectively. In the paper, σI and σF are used as equivalents.
Equations (numbering according to Ref. 1)
(2)	
[bookmark: OLE_LINK1](10)	
(11)	
(12)	
(22)	
(23)	
[bookmark: _Toc132479529]Results of Hammett constant determination
Table S1. Calculated parameters for the Hammett constant estimation. The equations used for deriving σ, F and R are given in the column headings.
	
	
	compound #
	equation in 1
	
	
	
	
	
	10
	11
	22
	23
	2
	2
	12
	12

	source
	Substituent
	
	π donor/ acceptor (D/A)
	δ para 
	δ meta 
	ΔH-p
	ΔH-m
	Δp-m
	σF
	F
	σR(-)
	σR(+)
	σp(-)
	σp(+)
	R(-)
	R(+)

	a
	NHB12H11
	2m/p
	D
	-135.70
	-114.90
	22.7
	1.9
	20.8
	-0.100
	-0.099
	-0.572
	-0.727
	-0.673
	-0.827
	-0.582
	-0.736

	b
	B12H11
	1m/p
	D
	-122.37
	-118.15
	9.37
	5.15
	4.22
	-0.546
	-0.510
	-0.108
	-0.131
	-0.654
	-0.677
	-0.184
	-0.207

	b
	O(-)
	
	D
	-133.83
	-114.05
	20.83
	1.05
	19.78
	0.016
	0.009
	-0.544
	-0.690
	-0.528
	-0.674
	-0.536
	-0.682

	b
	NH2
	
	D
	-129.33
	-113.40
	16.33
	0.4
	15.93
	0.105
	0.091
	-0.436
	-0.552
	-0.331
	-0.447
	-0.415
	-0.531

	c
	NH2
	
	D
	
	
	14.4
	0.5
	13.9
	0.092
	0.079
	-0.379
	-0.479
	-0.288
	-0.388
	-0.360
	-0.460

	c
	NMe2
	
	D
	
	
	15.9
	-0.08
	15.98
	0.171
	0.152
	-0.437
	-0.554
	-0.266
	-0.383
	-0.406
	-0.523

	b
	OH
	
	D
	-126.29
	-112.40
	13.29
	-0.6
	13.89
	0.242
	0.218
	-0.379
	-0.479
	-0.137
	-0.236
	-0.337
	-0.437

	c
	OH
	
	D
	
	
	11.4
	-1.2
	12.6
	0.324
	0.294
	-0.343
	-0.432
	-0.018
	-0.108
	-0.289
	-0.378

	c
	CH3
	
	A
	
	
	5.4
	1.2
	4.2
	-0.004
	-0.010
	-0.108
	-0.131
	-0.112
	-0.135
	-0.103
	-0.126

	c
	OMe
	
	D
	
	
	11.58
	-1.05
	12.63
	0.304
	0.275
	-0.344
	-0.433
	-0.040
	-0.130
	-0.293
	-0.383

	a
	NH2(+)B12H11
	2m/p(+)
	A
	-116.74
	-113.90
	3.74
	0.9
	2.84
	0.037
	0.028
	-0.070
	-0.082
	-0.033
	-0.045
	-0.059
	-0.071

	c
	Br
	
	D
	
	
	2.53
	-2.43
	4.96
	0.493
	0.450
	-0.129
	-0.158
	0.250
	0.150
	-0.164
	-0.030

	b
	Br
	
	D
	-114.92
	-110.26
	1.92
	-2.74
	4.66
	0.535
	0.489
	-0.120
	-0.147
	0.415
	0.388
	-0.035
	-0.062

	b
	H
	
	A
	-113.00
	-113.00
	0
	0
	0
	0.160
	0.142
	0.010
	0.020
	0.170
	0.180
	0.039
	0.049

	d
	m-carborane
	
	A
	
	
	0.15
	-0.91
	1.06
	0.285
	0.257
	-0.020
	-0.018
	0.265
	0.267
	0.028
	0.030

	c
	Cl
	
	D
	
	
	3.1
	-2
	5.1
	0.434
	0.395
	-0.133
	-0.163
	0.301
	0.271
	-0.063
	-0.093

	c
	I
	
	D
	
	
	1.63
	-2.3
	3.93
	0.475
	0.433
	-0.100
	-0.121
	0.375
	0.354
	-0.024
	-0.045

	d
	o-carborane
	
	A
	
	
	-1.6
	-1.49
	-0.11
	0.364
	0.330
	0.013
	0.024
	0.377
	0.388
	0.073
	0.084

	c
	NO2
	
	A
	
	
	-9.01
	-3.5
	-5.51
	0.640
	0.585
	0.164
	0.218
	0.804
	0.857
	0.265
	0.319

	c
	NMe3(+)
	
	A
	
	
	-3.28
	-6.08
	2.8
	0.993
	0.911
	-0.068
	-0.081
	0.925
	0.912
	0.085
	0.073

	b
	NH3(+)
	
	A
	-108.40
	-105.70
	-4.6
	-7.3
	2.7
	1.160
	1.066
	-0.066
	-0.077
	1.095
	1.083
	0.113
	0.101


a: Ref. 2; b: This work; c: Ref. 1; d: Ref. 3; Bold entries: entries used for further analysis, depending on the D/A status of the substituent. (D/A): Donor or acceptor; δp: 19F shift for para-substituent; δm: 19F shift for meta-substituent; ΔH-p: chemical shift of H minus the chemical shift of the para-substituent in column 2; ΔH-m: chemical shift of H minus the chemical shift of the meta-substituent in column 2; Δp-m chemical shift of the para-substituent in column 2 minus the chemical shift of the meta-substituent in column 2.



Table S2. Chemical shifts (δ in ppm) of para- and meta-substituted fluorobenzenes and the chemical shifts differences.
	Reference
	Substituent
	(D/A)
	δp
	δm
	ΔH-p
	ΔH-m
	Δp-m

	this work
	NHB12H11(2−)
	D
	−135.70
	−114.90
	22.7
	1.9
	20.8

	this work
	B12H11(2−)
	D
	−122.37
	−118.15
	9.37
	5.15
	4.22

	this work
	O(−)
	D
	−133.83
	−114.05
	20.83
	1.05
	19.78

	this work
	NH2
	D
	−129.33
	−113.40
	16.33
	0.4
	15.93

	Ref. 1
	NH2
	D
	
	
	14.4
	0.5
	13.9

	Ref. 1
	NMe2
	D
	
	
	15.9
	−0.08
	15.98

	Ref. 1
	OH
	D
	
	
	11.4
	−1.2
	12.6

	this work
	OH
	D
	−126.29
	−112.40
	13.29
	−0.6
	13.89

	Ref. 1
	CH3
	A
	
	
	5.4
	1.2
	4.2

	Ref. 1
	OMe
	D
	
	
	11.58
	−1.05
	12.63

	this work
	NH2B12H11(−)
	A
	−116.74
	−113.90
	3.74
	0.9
	2.84

	Ref. 1
	Br
	D
	
	
	2.53
	−2.43
	4.96

	this work
	Br
	D
	−114.92
	−110.26
	1.92
	−2.74
	4.66

	this work
	H
	A
	−113.00
	−113.00
	0
	0
	0

	Ref. 4
	m-carborane
	A
	
	
	0.15
	−0.91
	1.06

	Ref. 1
	Cl
	D
	
	
	3.1
	−2
	5.1

	Ref. 1
	I
	D
	
	
	1.63
	−2.3
	3.93

	Ref. 4
	o-carborane
	A
	
	
	−1.6
	−1.49
	−0.11

	Ref. 1
	NO2
	A
	
	
	−9.01
	−3.5
	−5.51

	Ref. 1
	NMe3(+)
	A
	
	
	−3.28
	−6.08
	2.8

	this work
	NH3(+)
	A
	−108.40
	−105.70
	−4.6
	−7.3
	2.7


(D/A): Donor or acceptor; δp: 19F shift for para-substituent; δm: 19F shift for meta-substituent; ΔH-p: chemical shift of H minus the chemical shift of the para-substituent in column 2; ΔH-m: chemical shift of H minus the chemical shift of the meta-substituent in column 2; Δp-m chemical shift of the para-substituent in column 2 minus the chemical shift of the meta-substituent in column 2. 


Table S3. Comparison of Hammett constants σp, σF (field/inductive) and σR (resonance) for of non-cluster substituted fluorobenzenes calculated based on 19F chemical shifts.
	Compound
	σF
	F
	σR
	R
	σp

	fluorophenol[a]
	0.324
	0.294
	−0.432
	−0.378
	−0.108

	fluorophenol[b]
	0.242
	0.218
	−0.479
	−0.437
	−0.236

	difference
	0.082
	0.076
	0.047
	0.059
	0.128

	fluoroaniline[a]
	0.092
	0.079
	−0.479
	−0.460
	−0.388

	fluoroaniline[b]
	0.105
	0.091
	−0.552
	−0.531
	−0.447

	difference
	−0.014
	-0.013
	0.073
	0.071
	0.059

	bromofluorobenzene[a]
	0.493
	0.449
	−0.158
	−0.079
	0.335

	bromofluorobenzene[b]
	0.535
	0.489
	−0.147
	−0.062
	0.388

	difference
	−0.042
	-0.040
	−0.011
	−0.017
	−0.053


[a] From Ref. 1. [b] Measured in DMSO-d6.



Fig. S1 Constants σF (field/inductive) and σR (resonance) for substituted fluorobenzenes. Color coding: red: DDB compounds (1: fluorophenyl; 2: fluoroanilino; 2+: fluoroanilinium); blue: carboranes; black: data from Ref. 1; green: (repeat) measurements in this work.




Fig. S2 F (field/inductive) and R (resonance) for for substituted fluorobenzenes. Color coding: red: DDB compounds; blue: carboranes; black: data from Ref. 1; green: (repeat) measurements in this work.
[bookmark: t_UV_absorption]Table S4. UV-visible absorption data for donor-substituted nitrobenzenes measured in methanol.
	Compound
	λmax (nm)

	nitrobenzene
	260

	p-nitroaniline
	372

	m-nitroaniline
	380

	p-nitrophenol
	312

	m-nitrophenol
	323

	p-nitrophenolate (1-)
	391

	m-nitrophenolate (1-) 
	393

	5p (2−)
	343 [455][a]

	5m (2−)
	285 [342][b]

	3p (2−)
	459

	3m (2−)
	458

	3p+ (1−)
	286 [343][b]

	3m+ (1−)
	260


[a] Weak absorption band. [b] Absorption band appeared as a shoulder.



 
Fig. S3. UV-visible spectra of benzaldehyde and its substituted derivatives measured in methanol.

[bookmark: _Toc132479532]Quantum-Chemical Calculations
Quantum-chemical calculations were performed using Gaussian 16 (Revision C.02)5 software. Density functional theory calculations were done at M062x/6-31+G* level of theory. Solvation effect was considered applying the implicit universal solvation model based on density (SMD).6 The HOMO-LUMO energy gaps were calculated for donor-acceptor-substituted benzenes (Tables S5 and S6). In agreement with the experimental absorption spectra, the HOMO-LUMO gaps for unprotonated 3m and 3p were smaller than those of nitrophenolates. In addition, the 3m and 3p showed much higher HOMO-LUMO energy gaps upon protonation. The calculated UV-visible spectra are shown in Fig. S4. The frontier-orbital contour plots and electrostatic potential maps of substituted fluorobenzenes are shown in Table S7 and S8, for donor-accepted substituted benzenes in Table S9.

[bookmark: t_calc_para]Table S5. Calculated parameters (M062X/6-31+G* in gas phase) for para-substituted fluorobenzene.
	para-substituent (X)
	Δ19F NMR
(19FX −19FH)
	HOMO-LUMO
(eV)
	C-F Bond length
(Å)

	-NHB12H11(2−)
	37
	4.84
	1.38

	-B12H11(2−)
	22
	5.79
	1.38

	-O(1−)
	47
	5.46
	1.38

	-NH2
	20
	7.13
	1.35

	-NMe2
	22
	6.85
	1.35

	-OH
	13
	7.80
	1.35

	-CH3
	6
	8.26
	1.35

	-OCH3
	14
	7.78
	1.35

	-NH2B12H11(1−)
	5
	6.39
	1.35

	-H
	0
	8.57
	1.35

	-o-carborane
	−7
	8.31
	1.34

	-Cl
	3
	8.13
	1.35

	-Br
	2
	7.99
	1.35

	-NO2
	−12
	7.58
	1.34

	-NH3(1+)
	−24
	8.14
	1.33



[bookmark: t_calc_meta]Table S6. Calculated parameters (M062X/6-31+G* in gas phase) for meta-substituted fluorobenzene.
	meta-substituent (X)
	Δ19F NMR
(19FX −19FH)
	HOMO-LUMO
(eV)
	C-F Bond length
(Å)

	-NHB12H11(2−)
	8
	5.10
	1.37

	-B12H11(2−)
	14
	5.82
	1.37

	-O(1−)
	11
	5.63
	1.38

	-NH2
	−1
	7.33
	1.35

	-NMe2
	−2
	7.05
	1.35

	-OH
	−2
	8.12
	1.35

	-CH3
	0
	8.51
	1.35

	-OCH3
	-2
	8.21
	1.35

	-NH2B12H11(1−)
	1
	6.36
	1.35

	-H
	0
	8.57
	1.35

	-o-carborane
	−3
	8.14
	1.35

	-Cl
	−2
	8.36
	1.35

	-Br
	−3
	8.17
	1.35

	-NO2
	−3
	7.33
	1.34

	-NH3(1+)
	−22
	8.10
	1.33



[bookmark: t_frontier_para]Table S7. Frontier-orbital contour plots and molecular electrostatic potential maps for the optimized geometries (M062X/6-31+G* in gas phase) of para-substituted fluorobenzene.
	para-substituent (X)
	HOMO
	LUMO
	MESP
(+0.197 - −0.197 a.u.)

	-HNB12H11(2−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NHB\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NHB\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NHB\ESP.tif]

	-B12H11(2−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\BH\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\BH\LUMO.tif] 
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\BH\ESP.tif]

	-O(1−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\O\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\O\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\O\ESP.tif]

	-NH2
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NH2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NH2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NH2\ESP.tif]

	-NMe2
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NMe2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NMe2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NMe2\ESP.tif]

	-OH
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\OH\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\OH\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\OH\ESP.tif]

	-CH3
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\CH3\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\CH3\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\CH3\ESP.tif]

	-OCH3
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\OCH3\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\OCH3\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\OCH3\ESP.tif]

	-H2NB12H11(1−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\HNBH\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\HNBH\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\HNBH\ESP.tif]

	-H
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\H\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\H\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\H\ESP.tif]

	-o-carborane
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\carb\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\carb\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\carb\ESP.tif]

	-Cl
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\Cl\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\Cl\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\Cl\ESP.tif]

	-Br
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\Br\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\Br\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\Br\ESP.tif]

	-NO2
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NO2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NO2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NO2\ESP.tif]

	-NH3(1+)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NH3\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NH3\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\NH3\ESP.tif]



[bookmark: t_frontier_meta]Table S8. Frontier-orbital contour plots and molecular electrostatic potential maps for the optimized geometries (M062X/6-31+G* in gas phase) of meta-substituted fluorobenzene.
	Meta-substituent (X)
	HOMO
	LUMO
	MESP (+0.197 - −0.197 a.u.)

	-NHB12H11(2−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NBH\o2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NBH\o2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NBH\o2\ESP.tif]

	-B12H11(2−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\BH\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\BH\LOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\BH\ESP.tif]

	-O(1−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\O\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\O\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\O\ESP.tif]

	-NH2
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NH2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NH2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NH2\ESP.tif]

	-NMe2
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NMe2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NMe2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NMe2\ESP.tif]

	-OH
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\OH\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\OH\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\OH\ESP.tif]

	-CH3
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\CH3\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\CH3\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\CH3\ESP.tif]

	-OCH3
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\OCH3\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\OCH3\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\OCH3\ESP.tif]

	-H2NB12H11(1−)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\HNBH\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\HNBH\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\HNBH\ESP.tif]

	-H
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\H\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\H\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Para\H\ESP.tif]

	-o-carborane
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\carb\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\carb\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\carb\ESP.tif]

	-Cl
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\Cl\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\Cl\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\Cl\ESP.tif]

	-Br
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\Br\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\Br\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\Br\ESP.tif]

	-NO2
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NO2\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NO2\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NO2\ESP.tif]

	-NH3(1+)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NH3\HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NH3\LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\Meta\NH3\ESP.tif]





[bookmark: t_frontier_donor_acceptor]Table S9. Frontier-orbital contour plots and HOMO-LUMO energy gaps for the optimized geometries (M062X/6-31+G* in water) of donor-acceptor-substituted benzenes.
	
	HOMO
	LUMO
	
HOMO-LUMO
(eV)

	para-nitroaniline
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\1\p-nitroaniline-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\1\p-nitroaniline-TD-DFT-LUMO.tif]
	5.94

	meta-nitroaniline
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\3\m-nitroaniline-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\3\m-nitroaniline-TD-DFT-LUMO.tif]
	5.68

	para-nitroanilinium
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\2\p-nitroanilium-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\2\p-nitroanilium-TD-DFT-LUMO.tif]
	7.38

	meta-nitroanilinium
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\4\m-nitroaniliume-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitroaniline\4\m-nitroaniliume-TD-DFT-LUMO.tif]
	7.38

	para-nitrophenol
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\1\p-nitrophenol-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\1\p-nitrophenol-TD-DFT-LUMO.tif]
	6.60

	meta-nitrophenol
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\3\m-nitrophenol-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\3\m-nitrophenol-TD-DFT-LUMO.tif]
	6.34

	para-nitrophenolate
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\1\p-nitrophenol-TD-DFT-LUMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\2\p-nitrophenoxide-TD-DFT-LUMO.tif]
	5.49

	meta-nitrophenolate
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\4\m-nitrophenoxide-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nitrophenol\4\m-nitrophenoxide-TD-DFT-LUMO.tif]
	4.98

	para-nitrophenyl dodecaborate (5p)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nito\para\NB-p-BH-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nito\para\NB-p-BH-TD-DFT-LUMO.tif]
	5.94

	meta-nitrophenyl dodecaborate (5m)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nito\meta\NB-m-BH-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\nito\meta\NB-m-BH-TD-DFT-LUMO.tif]
	5.95

	para-nitroanilinododecaborate (3p)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\4\dye-NH-para-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\4\dye-NH-para-TD-DFT-LUMO.tif]
	5.12

	meta-nitroanilinododecaborate (3m)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\2\dye-NH-meta-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\2\dye-NH-meta-TD-DFT-LUMO.tif]
	4.70

	para-nitroaniliniumdodecaborate (3p+)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\3\dye-NH2-para-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\3\dye-NH2-para-TD-DFT-LUMO.tif]
	6.58

	meta-nitroaniliniumdodecaborate (3m+)
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\1\dye-NH2-meta-TD-DFT-HOMO.tif]
	[image: C:\Users\kassaf\Desktop\Hammett-Boron Cluster\dye\1\dye-NH2-meta-TD-DFT-LUMO.tif]
	6.54


[bookmark: _Toc132479533]
Calculated UV-visible spectra





Fig. S4 Calculated UV-visible spectra of selected donor-acceptor-substituted benzenes in water.




Fig. S5 Calculated molecular orbital energy level diagram for para- (left) and meta-nitrobenzene (right) in methanol. 




Fig. S6 Calculated molecular orbital energy level diagram for para- (left) and meta-benzaldehydes (right) in methanol. 




 
Fig. S7 pH-dependent UV-visible spectra of 3m (left) and 3p (right); inset: fitted pH-titration curves. 

Table S10. Hammett constant of selected substituents and the acid association constants (pKa) of substituted aniline.
	
	Hammett constant[a]
	pKa Exp.[b]
	pKa Calc.[c]

	
	meta
	para
	meta
	para
	meta
	para

	-B12H11
	−0.27[d] 
	-0.25[d] 
	5.23[e]
	5.17[e]
	7.42
	7.44

	-NH2
	-0.16
	-0.66
	4.88
	6.08
	5.99
	7.70

	-OCH3
	0.12
	-0.27
	4.2
	5.29
	5.24
	6.65

	-OH
	0.12
	-0.37
	4.17
	5.5
	4.66
	6.48

	-CH3
	−0.07
	-0.17
	4.69
	5.12
	5.61
	5.54

	-H
	0
	0
	4.58
	4.58
	5.02
	5.02

	-NO2
	0.71
	0.78
	2.5
	1.02
	2.25
	-2.50


[a] From Ref. 1. [b] From Ref. 7. [c] Calculated at B3LYP/6-31+G* in water. [d] Extrapolated/interpolated according to Fig. S8 based on experimental pKa values. [e] Determined experimentally (Fig. S7).



 
Fig. S8 Plot of the pKa values of substituted anilines as a function of the substituent Hammett constant (σ); data for para-nitroaniline were excluded due to the large deviation. 
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