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the appearance of DEA (↑, δ = 3.10, 3.08, 3.07, 3.05, 1.30, 

1.28 and 1.26 ppm). B) 1H NMR spectrum of authentic DEA at 

pD 9.50.  

Figure 4.3. A) 1H NMR spectrum for MAHMA-NONOate at pD 
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and 2.45 ppm. B) 1H NMR spectrum for the decomposition 
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Figure 4.4. A) UV-vis spectra for the reaction between HOCbl 
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NOCbl. B) Fit of the absorbance data at 356 nm versus time to 

a first-order reaction, giving kobs = (1.91 ± 0.01) x 10-3 min-1.  

Figure 4.5.  1H NMR spectra as a function of time after the 

addition of HOCbl (2.96 mM) to DEA-NONOate (4.44 mM) at 

pD 11.30 (25.0 oC 0.30 M Na2CO3, I = 1.0 M (NaCF3SO3)).  

Arrows indicate disappearance of HOCbl (↓,  = 7.17, 6.70, 

6.49, 6.23 and 6.04) or the appearance of NOCbl (↑,  = 7.44, 

7.27, 6.80, 6.35 and 6.25).  
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1
H NMR spectrum of the products of the reaction 

between HOCbl and 1.2 equiv. DEA-NONOate after 5 days (pD 

10.42, 0.50 M CAPS). A.  Aromatic region showing the 5 

characteristic signals of NOCbl at 7.73, 7.27, 7.00, 6.48 and 6.31 

ppm.  The small peaks are impurities arising from Cbl decomposition 
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attributable to DEA-NO (4.20, 4.18, 4.16, 4.15, 3.74, 3.72, 3.71 and 

3.69 ppm) overlapping with NOCbl signals.  These signals were not 

observed in the 
1
H NMR spectrum of the reactant HOCbl.  Inset: 

1
H 

NMR spectrum of authentic DEA-NO (0.50 M CAPS, pD 10.42).   

Figure 4.7.  Calibration curve showing absorbance at 586 nm 

versus nitrite concentration for a solution of 0-100 μM NaNO2  

and NOCbl (50 μM) in the presence of equal volumes of the 

Griess reagent at pH 10.80. 

Figure 4.8. Plot of the observed rate constant, kobs, versus 

NONOate concentration for the reaction between HOCbl and 

DEA-NONOate at pH 10.80.  The best fit of the data gives kapp 

(= slope) = 0.056 ± 0.002 M-1 min-1 and kHOCbl (= intercept) = 

(1.32 ± 0.03) x 10-3 min-1 (0.30 M CAPS, I = 1.0 M 

(NaCF3SO3), 25.0 oC).  

Figure 4.9.  Plot of the observed rate constant, kobs, versus 

DEA-NONOate concentration for the reaction between HOCbl 

and DEA-NONOate (I = 1.0 M, NaCF3SO3, 25.0 oC).  A) At pH 

10.40. The best fit of the data to a line gives kapp (= slope) = 

0.14 ± 0.01 M -1 min-1and 103kHOCbl (= intercept) = 1.45 ± 0.01 

min-1. B) At pH 9.80.  The best fit of the data to a line gives kapp 

= 0.29 ± 0.03 M-1 min-1 and 103kHOCbl = 1.97 ± 0.40 min-1. C) At 
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pH 9.50. The best fit of the data to a line gives kapp = 0.68± 

0.02 M-1 min-1 with an insignificant intercept. 

Figure 4.10. The best fit of the plot of kapp versus pH data in 

Table 2.1 for the HOCbl/DEA-NONOate system to eqtn (2) 

fixing pKa(H2OCbl+) = 7.76, gives kK' = 37.2 ± 2.2 M-1 min-1.  

Figure 4.11. Plot of absorbance at 586 nm versus time for the 

reaction between HOCbl (2.40 mM) and DEA-NONOate (3.50 

mM) at pD 9.54 and 25.0 C (0.50 M CHES, I = 1.0 

(NaCF3SO3)).  The Cbl product of the first reaction, a, is 

orange NOCbl, with the expected characteristic spectral 

changes and isosbestic points. Allowing the reaction to 

proceed for longer time, b, results in the formation of a second, 

red Cbl product (= NO2Cbl). 

Figure 4.12.  UV-visible spectra of (a) 0.050 mM H2OCbl (solid 

line) and (b) 0.050 mM NO2Cbl (0.3 M TAPS, pH 8, 25.0 oC).  

Figure 4.13.  UV-vis spectra showing the reaction of NOCbl 

(3.0 x10-5 M) with atmospheric oxygen. The reaction was 

initiated by exposure of an anaerobic solution of NOCbl to air. 

The experiment was performed with constant stirring, at T = 

25.0 oC. Spectra were recorded every 1 min.  Isosbestic points 

are at 338, 371 and 497 nm.   

Figure 4.14.  1H NMR spectra as a function of time after the 

addition of HOCbl (2.40 mM) to DEA-NONOate (3.50 mM) at 

pD 9.54 (25.0 oC 0.50 M CHES, I = 1.0, (NaCF3SO3)).  Inset: 

6.35-6.2 ppm region, showing the conversion of NOCbl ( = 
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7.71, 7.27, 6.98, 6.45 and 6.30), to NO2Cbl ( = 7.20, 6.70, 

6.40, 6.26 and 6.16).6 The chemical shifts of the reactant 

HOCbl are at 7.17, 6.67, 6.48, 6.23 and 6.07 ppm. 

Figure 4.15. 1H NMR spectra for (A) NOCbl after preparing the 

solution (B) the products of the reaction between NOCbl and 

20 mM DEA (C) the products of the reaction between NOCbl 

and 20 mM NO-DEA (D) the products of reaction between 

NOCbl and 20 mM DEA-NONOate and (E) the products of the 

reaction between NOCbl and 20 mM decomposed DEA-

NONOate.  All solutions were prepared in 0.10 M TAPS buffer 

at pD 8.4. 1HNMR spectra were recorded after 24 hr of mixing 

the reactants. 

Figure 4.16. Calibration curve showing the absorbance at 586 

nm versus nitrite concentration for a solution of 0-100 μM 

NaNO2 in the presence of equal volumes of the Griess reagent 

at pH 9.5 (■) or pH 10.80 (x). 

Figure 4.17. A) UV-vis spectra for the reaction between HOCbl 

(0.050 mM) and MAHMA-NONOate (5.00 mM) at pH 10.40, 

25.0 oC (0.30 M CAPS, I = 1.0 M (NaCF3SO3)). Isosbestic 

points occur at 341, 370 and 498 nm.  Inset: First and last 

spectra. The final product is NOCbl. B) Fit of the absorbance 

data at 356 nm versus time to a first-order reaction, giving kobs 

= (7.85  0.02) x 10-3 min-1.  

Figure 4.18. Plot of observed rate constant, kobs, versus 

MAHMA-NONOate concentration for the reaction between 

HOCbl and MAHMA-NONOate (I = 1.0 M (NaCF3SO3), 25.0 



 vii 

oC).  ).  A) At pH 10.80. The best fit of the data to a line gives 

kapp = 0.42 ± 0.04 M-1 min-1 and 103kHOCbl = 1.32 ± 0.03 min-1. 

B) At pH 10.40. C) At pH 9.80. 

Figure 4.19.  Absorbance at 356 nm versus time for the 

reaction between A) HOCbl (0.050 mM) and MAHMA-

NONOate (5.0 mM). The best fit of the data to a 1st-order 

equation gives kobs = (1.30 ± 0.01) x 10-2 min-1 and B) HOCbl 

(0.050 mM) and MAHMA-NONOate (5.0 mM) in the presence 

of 10 mM NaNO2. The best fit of the data to a 1st-order 

equation gives kobs ~ (2.56 ± 0.05) x 10-3 min-1; note that the fit 

is poor. 

Figure 4.20. A) 1H NMR spectra as a function of time for the 

reaction between HOCbl (2.0 mM) and MAHMA-NONOate (10 

mM) at pD 9.80 (25 oC, 0.30 M CHES, I = 1.0 M (NaCF3SO3)). 

1 = HOCbl (δ = 7.16, 6.71, 6.49, 6.23 and 6.04 ppm); 2 = 

NO2Cbl (δ = 7.19, 6.71, 6.40, 6.25 and 6.16 ppm); 3 = NOCbl 

(δ = 7.73, 7.24, 7.01, 6.47and 6.29 ppm). B) Relative amounts 

of the 3 Cbl species determined by integration of the peaks in 

the δ 7.25-7.15 region. 

Figure 4.21. Plot of absorbance versus time at 590 nm for the 

reaction of HOCbl (2.0 mM) with MAHMA-NONOate (10 mM) 

at pD 9.80 (25 oC, 0.3 M CHES, I = 1.0 M (NaCF3SO3)).  The 

same reaction solution as that used for the 1H NMR 

measurements (Fig. 4.20) was used. 

Figure 4.22. Plot of observed rate constant versus pH for the 

acid-catalyzed spontaneous decomposition of DPTA-NONOate 
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(37.0 C, 0.10 M buffer, I = 1.0 M (NaCl)).  The best fit of the 

data gives k2 = 0.23  0.01 sec-1 and pKa = 3.96  0.13. 

Figure 4.23. Plot of observed rate constant versus pH for the 

acid-catalyzed spontaneous decomposition of DETA-NONOate 

(37.0 C, 0.10 M buffer, I = 1.0 M (NaCl).  The best fit of the 

data gives k2 = (1.12  0.03) x 10-2 s-1 and pKa = 3.21  0.10. 

Figure 4.24. UV-vis spectra for the reaction between 0.050 

mM Cbl(II) and 0. 25 mM (5 equivalents) DEA-NONOate in 

0.30 M TAPS, pH 8.0 A. Isosbestic points occur at 287, 332, 

384, 483 and 545 nm. B. Plot of absorbance at 312 nm versus 

time for the data in A. 

Figure 4.25. A) UV-vis spectra for the reaction between 0.050 

mM Cbl(II) with 0.025 mM ( 0.5 equivalents) DEA-NONOate in 

0.3 M TAPS, pH 8.0. Isosbestic points occur at 287, 332, 384, 

483 and 545 nm. Inset: fit of the absorbance data at 312 nm 

versus time to a first-order reaction, giving kobs = (2.83 ± 0.01) 

min-1.  B. The spontaneous decomposition of DEA-NONOate 

(0.025 mM) in 0.3 M TAPS, pH 8.00. Inset: Fit of the 

absorbance data at 250 nm versus time to a first order 

reaction, giving kobs = 2.62 ± 0.02 x 10-2 min-1. 

Figure 4.26.  1H NMR spectrum of the products of the reaction 

between Cbl(II) and 1.1 equiv. DEA-NONOate after 24 hr (pD 

8.10, 0.40 M phosphate). A.  Aromatic region showing the 5 

characteristic signals of NOCbl at δ = 7.41, 7.20, 6.78, 6.40 

and 6.27(d)  ppm. B. 3.2-1.1 ppm region, showing signals 

attributable to DEA (δ = 3.09, 3.08, 3.06, 3.04, 1.30, 1.28, and 
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1.26 ppm) overlapping with NOCbl signals. Inset: 1H NMR 

spectrum of authentic DEA (0.40 M phosphate, pD 8.10).   

Figure 5.1. Thermal ellipsoid plot of one molecule of 

[ZnII(bipy)(H2O)(N2O3)] and [CoII(bipy)2(N2O3)]. 

Figure 5.2. Plot of absorbance at 245 nm versus time for the 

spontaneous acid-catalyzed decomposition of AS at pH 9.80 

(0.30 M CHES, I = 1.0 M (NaCF3SO3), 25.0 oC). The best fit of 

the data to a first-order reaction gave kobs = (1.34 ± 0.01) x 10-4 

s-1. 

Figure 5.3. Plot of observed rate constant versus pH for the 

acid-catalyzed spontaneous decomposition of Angeli’s salt 

(25.0 C, 0.30 M buffer, I = 1.0 M (NaCF3SO3)).  The best fit of 

the data gives k1 = (5.16  0.23) x 10-4 s-1 and pKa = 9.48  

0.16. 

Figure 5.4. A) UV-vis spectra for the reaction between HOCbl 

(0.050 mM) and AS (2.50 mM) at pH 9.80, 25.0 oC (0.30 M 

CHES, I = 1.0 M (NaCF3SO3)). Isosbestic points occur at 341, 

370 and 498 nm.  Inset: First and last spectra. The final 

product is NOCbl. B) Fit of the absorbance data at 356 nm 

versus time to a first-order reaction, giving kobs = 0.171 ± 0.001 

min-1. 

Figure 5.5. Plot of kobs versus AS concentration at pH 9.80, 

25.0 oC (0.30 M CHES, I = 1.0 M (NaCF3SO3)). The data has 

been fitted to a straight line passing through the origin, giving 

kapp = slope = 1.18 ± 0.01 M-1 s-1. 
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Figure 5.6. Plot of kobs versus AS concentration at pH 9.50, 

25.0 oC (0.30 M CHES, I = 1.0 M (NaCF3SO3)). The data has 

been fitted to a straight line passing through the origin, giving 

kapp = slope = 1.82 ± 0.02 M-1 s-1. 

Figure 5.7. Plot of kobs versus AS concentration at pH 9.36, 

25.0 oC (0.30 M CHES, I = 1.0 M (NaCF3SO3)). The data has 

been fitted to a straight line passing through the origin, giving 

kapp = slope = 2.95 ± 0.14 M-1 s-1. 

Figure 5.8. Plot of kobs versus AS concentration at pH 9.15, 

25.0 oC (0.30 M CHES, I = 1.0 M (NaCF3SO3)). The data has 

been fitted to a straight line passing through the origin, giving 

kapp = slope = 5.57 ± 0.13 M-1 s-1. 

Figure 5.9. Plot of kobs versus AS concentration at pH 9.09, 

25.0 oC (0.30 M CHES, I = 1.0 M (NaCF3SO3)). The data has 

been fitted to a straight line passing through the origin, giving 

kapp = slope = 7.31 ± 0.27 M-1 s-1. 

Figure 5.10. Plot of kobs versus AS concentration at pH 8.80, 

25.0 oC (0.30 M TAPS, I = 1.0 M (NaCF3SO3)). The data has 

been fitted to a straight line passing through the origin, giving 

kapp = slope = 11.83 ± 0.72 M-1 s-1. 

Figure 5.11. Plot of observed rate constant, kobs, versus AS 

concentration for the reaction between HOCbl and AS at pH 

9.80, 9.50, 9.36, 9.15, 9.09 and 8.80 (I = 1.0 M (NaCF3SO3), 

25 oC). Values of kapp (= slope) obtained from these plots are 

summarized in Table 5.1 
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Figure 5.12.  1H NMR spectrum of the Cbl product (= NOCbl; δ 

at 7.40, 7.20, 7.04, 6.33 and 6.19 ppm REF M. Wolak, A. Zahl, 

T. Schneppensieper, G. Stochel, R. van Eldik, J. Am. Chem. 

Soc. 2001, 123, 9780-91) of the reaction between HOCbl and 

1.10 equiv. AS (pD 9.86, 0.30 M CHES, 25 oC). 

Figure 5.13. Plot of absorbance versus time data for the 

reaction of H2OCbl+/HOCbl (0.050 mM) with 7.50 mM Angeli’s 

salt at pH 8.80 (0.30 M TAPS, I = 1.0 M (NaCF3SO3)). A) the 

complete time course for the reaction showing a bump in the 

first 10 s and B) fit of absorbance versus time data to a first-

order equation after 10 s, giving kobs = 0.0839 ± 0.0003 s-1. 

Figure 5.14.  1H NMR spectra as a function of time after the 

addition of HOCbl (6.53 mM) to Angeli’s salt (1.2 equivalents) 

at pD 9.80 (25.0 oC, 0.30 M CHES, I = 1.0, (NaCF3SO3)).  

Arrows indicate disappearance of NO2Cbl (↓,  = 7.20, 6.70, 

6.48, 6.26 and 6.15 ppm or the appearance of NOCbl (↑,  = 

7.75, 7.26, 7.01, 6.40 and 6.30).  

Figure 5.15. Plot of kobs versus nitrite concentration for the reaction 

between H2OCbl
+
/HOCbl and nitrite A) at pH 9.80 (0.30 M CAPS, I 

= 1.0 M (NaCF3SO3) and B) at pH 8.80 25.0 
o
C (0.30 M TAPS, I = 

1.0 M (NaCF3SO3)). The data has been fitted to a line that passes 

through the origin, giving k (= slope) = 5.95 ± 0.04 M
-1

 s
-1

 (A) and 

41.51 ± 0.21 M
-1

 s
-1

 (B). 

Figure 5.16. Absorbance at 356 nm versus time for the 

reaction between AS (5.0 mM) and  A) HOCbl (0.050 mM) and 

The best fit of the data to a first-order equation gives kobs = 
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(8.29 ± 0.01) x 10-3 s-1 and B) NO2Cbl (0.050 mM) and AS (5.0 

mM) in the presence of 1.0 mM NaNO2. The best fit of the data 

to a first-order equation gives kobs = (5.79 ± 0.04) x 10-3 s-1. 

Figure 5.17. Absorbance at 356 nm versus time for the 

reaction between A) NO2Cbl (0.050 mM) and AS (5.0 mM). 

The best fit of the data to a first-order equation gives kobs = 

0.013 ± 0.001 s-1 and B) NO2Cbl (0.050 mM) and AS (5.0 mM) 

in the presence of 1.0 mM NaNO2. The best fit of the data to a 

first-order equation gives kobs ~ 5.3 x 10-3 s-1; note that the fit is 

poor. 

Figure 5.18. Plot of kapp versus pH for the reaction between 

H2OCbl+/HOCbl and AS. The best fit of the data to equation (6) 

fixing pKa (H2OCbl+) = 7.76 and pKa(AS) = 9.48 is 

superimposed on the data, giving kK = 186 ± 11 M-1 s-1.  

Figure 5.19. Plots of absorbance versus time for the reaction 

of A) HOCbl (0.050 mM) with AS (0.500 mM) and B) HOCbl 

(0.050 mM) with AS (10.0 mM) at pH 10.80, 25.0 oC (0.30 M 

CAPS, I = 1.0 M (NaCF3SO3)). 

Figure 5.20. Plots of absorbance at 356 nm versus time for the 

reaction between HOCbl (0.050 M) and A) 0.50 equiv. AS and 

B) 1.0 equiv. AS (pH 10.80, 0.30 M CAPS, I = 1.0 M ( 

NaCF3SO3), 25 oC). The best fit of the data to a first-order 

reaction gave kobs = (4.80 ± 0.30) x 10-3 and (5.10 ± 0.10) x 10-

3 min-1, respectively.  

Figure 5.21. A) UV-vis spectra for the reaction between Cbl(II) 

(0.050 mM) and AS (10 equiv.) at pH 8.00, 25.0 oC (0.30 M 


