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Supplementary Text
Derivation of Kyy
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Derivation of Dimerization Equations

Consider a 1:1 self-dimerization:

M+ M=M,
[M,]
e [M]y = [M] + 2[M,]
Solving the mass balance for [M;] and substituting into Ky,
[M]o - [M]
T 2y

Using the quadratic equation to solve for [M] and keeping the positive solution yields:

~1+ (1 +8Kp[M]y)"?
[M] = K
D

1

Multiplying top and bottom by the conjugate of (=1-(1+8Kp[M]5)*) yields:
2[M],

1+ (1 +8Kpy[M]y)Y?

Substitution of [M] into mass balance equation and solving for [M;] yields:
[M], 2[M],

2l =

2 1+ (1+8Kpy[M])Y?
1

2
Combine using a common denominator of 2(1 + (1 +8Kp[M]o)")
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[M]0(1 +(1+ 8KD[M]0)2) - 2[M],
1
2(1 +(1+ 8KD[M]0)2)

[Mz] =

[Mz] =

1
[M]g)[ (1 +8Kp[M]p)* - 1
=) ;

(1+8Kp[M]y)* +1

From the above we end at two expressions for the monomer and dimer concentrations in
solution.

2[M],
[M] = 172
1+ (14 8K,[M],)
1
(Mg [ (1 + 8K,[M],)? - 1
[M,] = ( 5 0) >t 1

(1+ 8K, [M])% + 1

Using the Beer-Lambert law we can then describe the absorbance of monomer and dimer
bands as follows:

A = £, G)IIM] A4,(0) = £, ()M,

Where 4n() and 44¢(V) are the absorbance of the monomer and dimer at a specific

wavelength, £n(¥) and n() are the molar absorptivity at v, and { the optical path length.
The integrated absorbance of the whole band is then given by:

A, = (l[M])fsm@)di/ Ay= (l[Mz])fsd@)dﬁ/
Where A, and Ay are now the integrated absorbance’s of the monomer and dimer bands

respectively and En(V)dV and f £a(V)dv are the molar absorptivity’s of the monomer and
dimer bands respectively. Substituting in for the concentrations of [M] and [M;] then
yields:



2[M],e,,L
A= 1/2
1+ (1 +8K,[M],)

1
(edl[M]O) (1+ 8K ,[M]y)* - 1
1

A=
(1+ 8K, [M])% + 1

Focusing on the monomer equation, we can divide the first and last terms by 2[M]oEml and
inverting the resulting fraction yields:

2[M],e,. 1
I 14 (14 8K, [M]) 2
m
2[M]ye,,l
a=
If we set An , subtract by unity, take the squares of both sides, and simplify we
arrive at:

(a-1)%=1+8K,[M],

a’-2a+1=1+8Ky[M],

a®=2a+ 8K p[M],
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We can then linearize by dividing both sides by Am
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We can treat the dimer band in the same manner, remembering that:
1

e l[M]gy [ (1 + 8K [M]y)* - 1
=) 1

(1+ 8K, [M],)2 + 1

(fdl[M]o)
Divide both sides of the equation by \ 2
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24, (1+8Ky[M])’-1
M, 1
(1 +8K,[M],)* + 1

a+b_c+d

a C
Using the relationship if > dthen a-b  c¢-d is we can reduce to the following:

e I[M], + 24 :
D (1+ 8KD[M]0)2

a=¢gyl[M], b=2A,

1

c=(1+8Kp[M],)* d=1
a-b c-d

C
dthen b d we arrive at:

a
Again using the relationship that if b

g4 lA, )
= (ggl[M],y - 24,)
D

We can then linearize the expression by taking the square roots of both sides and dividing
by [M], we get:
gd1/211/2Ad1/2 24,

Mk, M

1
24, ey [A2

—=¢
[M], [M]o

Kp

We now have two linear expressions for the determination of Ky from both the monomer
band and the dimer band.

2K,

[M], 2Kp
—_— p =

Where now a plot of An vs. Am would yield a line with a slope
1

212
en' 1) and an

q
intercept of €ml where Kp can then be found by:

p= _ 1
g ‘1P 1= el
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24, A2 e\, s
While a plot of [Mlo vs. Mo would yield a line with a slope Kb]  and intercept
9= &nl where Ky, could then be found by:
1
_ g4l o
P K, q=¢,l
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Fig. S1. (top) FTIR Spectrum of 1 in DCM at 25 °C. (bottom) v(COOR) stretching
region.
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Fig. S2. (top) FTIR Spectrum of 2 in DCM at 25 °C. (bottom) v(COOR) stretching
region.
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Fig. S3. (top) FTIR Spectrum of 3 in DCM at 25 °C. (bottom) v(COOH) stretching
region.
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Fig. S4. FTIR Gaussian fits of v(COOH) stretching region of 1 in DCM.
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Fig. SS. FTIR Gaussian fits of v(COOH) stretching region of 2 in DCM.
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Fig. S6. FTIR Gaussian fits of v(COOH) stretching region of 3 in DCM.
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Fig. S7. Linear regression of integrated spectral areas for 1 (top), 2 (middle) 3 (bottom).
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Fig. S11. (top) UV/vis/NIR spectra of 2 in THF. (bottom) UV/vis/NIR spectra (2,)>" in

THF with Co(cp*), as a chemical reductant.
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Fig. S16. Cyclic voltammogram of 1 in DCM at analyte concentrations of 2.63 mM with
0.1 M TBAPF¢ and an internal standard of decamethyl ferrocene (E;, =—-0.58 V vs.
Fc'9). CV’s were recorded at 100 mV/s and referenced to the ferrocene +/0 redox couple.
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Fig. S17. Cyclic voltammogram of 2 in DCM at analyte concentrations of 2.70 mM with
0.1 M TBAPF¢ and an internal standard of decamethyl ferrocene (E;, =—-0.58 V vs.
Fc'9). CV’s were recorded at 100 mV/s and referenced to the ferrocene +/0 redox couple.
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Fig. S18. Cyclic voltammogram of 3 in DCM at analyte concentrations of 2.65 mM with
0.1 M TBAPF¢ and an internal standard of decamethyl ferrocene (E;, =—-0.58 V vs.
Fc'0). CV’s were recorded at 100 mV/s and referenced to the ferrocene +/0 redox couple.
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Fig. S19. UV/vis/NIR of 1-3 (solid) and (1,)>—(3;) > (dashed) in THF at 25 °C with
Co(cp*); used as a chemical reductant.
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Fig. S20. Differential pulse voltammogram of 1 in DCM at analyte concentrations of 2.63
mM with 0.1 M TBAPF¢ and an internal standard of decamethylferrocene (E;, =—-0.58 V

vs. Fc*0). DPV’s were recorded using a pulse amplitude of 25 mV, a pulse width of 50
ms and referenced to the ferrocene +/0 redox couple.
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Fig. S21. Differential pulse voltammogram of 2 in DCM at analyte concentrations of 2.70
mM with 0.1 M TBAPF¢ and an internal standard of decamethyl ferrocene (E;, =—-0.58

V vs. Fc*0). DPV’s were recorded using a pulse amplitude of 25 mV, a pulse width of 50
ms and referenced to the ferrocene +/0 redox couple.
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Fig. S22. Differential pulse voltammogram of 3 in DCM at analyte concentrations of 2.63
mM with 0.1 M TBAPF¢ and an internal standard of decamethyl ferrocene (E;, =—0.58

V vs. F¢*). DPV’s were recorded using a pulse amplitude of 25 mV, a pulse width of 50
ms and referenced to the ferrocene +/0 redox couple.
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Table S1. Integrated spectral areas and concentrations of v(COOH) bands for 1-3 in
DCM obtained from fits presented in figure S9. Absorbance for 0.25 mM concentration

was not large enough to determine spectral area for dimer band.

Complex Concentration (mM) A Aq
1.825 (0.009) 2.59(0.02) 0.61 (0.03)
1.664 (0.006) 2.38(0.02) 0.53 (0.02)
1.417 (0.004) 2.10(0.02) 0.42 (0.02)
. 1.179 (0.003) 1.81(0.02) 0.33(0.02)
0.960 (0.003) 1.50 (0.01) 0.24 (0.02)
0.717 (0.002) 1.16 (0.01) 0.15(0.01)
0.483 (0.007) 0.814 (0.007) 0.086 (0.009)
0.250 (0.003) 0.450 (0.006) e
2.28 (0.01) 2.59(0.02) 0.55 (0.03)
2.130 (0.008) 2.47(0.02) 0.49 (0.03)
1.82 (0.01) 2.19(0.02) 0.41 (0.02)
s 1.534 (0.005) 1.89 (0.02) 0.31 (0.02)
1.239 (0.004) 1.57 (0.01) 0.21 (0.02)
0.942 (0.002) 1.24 (0.01) 0.14 (0.01)
0.650 (0.003) 0.862 (0.008) 0.08 (0.01)
0.317 (0.001) 0.440 (0.004) ---
2.20(0.01) 2.51(0.02) 0.55 (0.03)
1.92 (0.02) 2.28(0.02) 0.47 (0.02)
1.676 (0.007) 2.06 (0.02) 0.38 (0.02)
1.479 (0.005) 1.85(0.02) 0.32 (0.02)
’ 1.230 (0.004) 1.61 (0.01) 0.23 (0.02)
0.979 (0.004) 1.32(0.01) 0.18 (0.01)
0.762 (0.003) 1.042 (0.009) 0.13 (0.01)
0.492 (0.002) 0.713 (0.006) ---
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Table S2. Height of the monomeric band from absorption spectra of (1,)?>~ (612 nm);

(2,)*> (487 nm); (3,)*> (550 nm) and concentrations for (2,)?>~ in THF with Co(cp*), as a

chemical reductant obtained from fits presented in figure S14.

Complex Concentration (uM) H,
0.129 (0.004) 1.687
0.094 (0.003) 1372
(1,)> 0.068 (0.003) 1.022
0.049 (0.002) 0.761
0.0030 (0.001) 0.498
0.118 (0.002) 1.152
0.090 (0.003) 0.940
(2,)> 0.072 (0.003) 0.758
0.041 (0.003) 0.476
0.029 (0.002) 0.353
0.132 (0.002) 1.026
0.109 (0.003) 0.876
32 0.081 (0.003) 0.679
0.053 (0.003) 0.487
0.029 (0.002) 0.294
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Table S3. Measured dimerization constants of neutral (Kp) for 1-3 in DCM at 25 °C.

i, Tk, v

Kq

Complex K (monomer band, M) K (dimer band, M) K (average, M)

1 119 (6) 450 (70) 290 (40)
2 75 (5) 240 (90) 160 (50)
3 130 (8) 600 (200) 400 (100)

Table S4. Measured dimerization constants of neutral (Kp) for 1-3 in DCM at 25 °C.

A K, (2(4,)°
M, " e, W)
Complex K (monomer band, M)
1 120 (7)
2 73 (5)
3 126 (9)
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Table S5. Measured dimerization constants of dianionic (K,_) for (1,)>—(3,)> in THF at
25 °C with Co(cp*), as a chemical reductant.

[M], 1 2K,
=4 H,
Hm Sml (€ml)2
Complex K,_ (monomer band, M)
(1,)* 2000 (400)
(2,)* 2200 (300)
(3,)* 2500 (300)

Table S6. Measured dimerization constants of dianionic (K,_) for (1,)>—(3,)?> in THF at
25 °C with Co(cp*), as a chemical reductant.

H, K4(2(H,,)*
My ™ e Mg
Complex K,_ (monomer band, M)
(1,)* 2000 (400)
(2,)* 2200 (300)
(32> 2700 (300)
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