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Chromium Stability Regions 

 An Eh-pH diagram is shown in Figure S1 to show the stability regions for chromium.  

Data used to construct the diagram is presented in Table S1.  A total chromium of 100 μM to 

match what was used in experiments.  The diagram shows that CrIII is insoluble over the pH 

regime employed in experiments, precipitating as Cr(OH)3(s,amorphous).  Thus, the CrIII nitrate 

salt used in experiments is expected to precipitate during reaction time courses.  Precipitation is 

known to occur slowly, due to the slow rate of ligand exchange exhibited by CrIII.  For this 

reason, CrIII nitrate stock solutions were prepared fresh within one hour of each experiment (see 

Experimental Methods section for more details).   CrIII-EDTA is known to remain soluble over 

the entire pH range investigated.1   

 CrVI is not expected to form solid precipitates with the components of the reaction 

medium (either DDW or NYC tap water).   The dominant forms of CrVI at near-neutral pH are 

HCrO4
- and CrO4

2-.  

 

 

 

Figure S1: Eh-pH diagram for chromium.  The total chromium used to create the figure was 100 
μM to match what was used in experiments.  Thermodynamic data used to create the diagram is 
shown in Table S1.  
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Table S1: Thermodynamic data employed to create Eh-pH Diagram 
 
Redox Reactions E0 (V) 
HCrO4

- + 7H+ + 3e- = Cr3+ + 4H2O 1.20 2 
Cr3+ + e- = Cr2+ -0.50 2 
  
Solubility Reactions Log K 
Cr(OH)3(s,amorphous) + 2H+ = CrOH2+ + 2H2O 5.78 3 
  
Deprotonation Reactions  
H2CrO4(aq) = HCrO4

- + H+ 0.2 4 
HCrO4

- = CrO4
2- + H+ -6.51 4  

Cr3+ + H2O = CrOH2+ + H+ -3.95 5 
CrOH2+ + H2O = Cr(OH)2

+ + H+ -5.55 5 
Cr(OH)2

+ + H2O = Cr(OH)3(aq) + H+ -8 6 
Cr(OH)3(aq) + H2O = Cr(OH)4

- + H+ -11.5 3 
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Figures S2 and S3 are referred to in the text.   

 
Figure S2: Top: CrVI

T concentration measured on the CE and using the DPC colorimetric test for 
CrVI on the DU 800 Spectrophotometer. Bottom: Free chlorine concentration measured by the 
DPD spectrophotometric method and titrimeter methods.  
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Figure S3:  Results from a double spike experiment in DDW using 100 µM Cr(NO3)3 with two 
spikes of 30 mg/L as Cl2. 
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Thermodynamic Calculations Involving CrV and HOCl 
 

Assuming chlorine functions as a two electron oxidant, CrV is produced.   The redox 

potential for the CrV/CrIII half reaction in acidic solution can be written as the following 7:  

 3 0
3 4 2 redH CrO (aq) 2e 5H Cr 4H O E 1.75 V (log K 59.2)         (S1) 

where H3CrO4(aq) represents the fully-protonated CrV oxoanion.    The 2 electron oxidation of 

hypochlorous acid to chlorous acid is the following:  

 0
2 2 oxHOCl(aq) H O HClO (aq) 2H 2e E 1.65 V  ( log K 55.8)          (S2) 

Coupling Equation S1 and S2 yields a reaction which represents the oxidation of hypochlorous 

acid to chlorous acid: 

 3 0
3 4 2 2HOCl(aq) H CrO (aq) 3H HClO (aq) Cr 3H O E 0.10 V        (S3) 

which is favorable under standard conditions.   Equation S3 includes the chemical forms most 

relevant in acidic (pH ~ 0) conditions.  Calculation of E for the conditions employed in this study 

(pH ~7) is complicated by the fact that the pKa values of the CrV oxo anion are unknown.  

 The other species in Reaction S3 can be converted to their relevant forms using 

protonation equilibria.  For Cr3+, the dominant species is Cr(OH)2
+.   The relevant reaction is the 

following:  

 3
2 2Cr 2H O Cr(OH) 2H log K 9.50        (S4) 

Equation S3 can also be adjusted to include chlorite ion by considering the proton dissociation 

reaction:  

 2 2HClO (aq) ClO H log K 1.72      (S5) 

Combination of S3, S4 and S5 yields the following reaction which represents the oxidation of 

hypochlorous acid to chlorite ion: 
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 0
3 4 2 2 2HOCl(aq) H CrO (aq) ClO Cr(OH) H O E 0.23 V (log K 7.8)          (S6) 

which is unfavorable under standard conditions.   Note that S6 is independent of pH.  Calculation 

of E for the conditions employed in this study can be accomplished using the following: 

 2 2

3 4

[ClO ][Cr(OH) ]0.0592
E (in V) 0.23 log

2 [HOCl(aq)][H CrO (aq)]

  
    

 
 (S7) 

Using typical concentrations of [HOCl(aq)] = 200 μM, [Cr(OH)2
+] = 10 μM and assuming that 

[ClO2
-] is equal to 1 μM, a concentration of H3CrO4(aq) of 1 M is required to make Equation S7 

favorable.   This suggests that CrV is not a strong enough oxidant at neutral pH to oxidize HOCl 

to chlorite ion.   
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Characterization of NYC Tap Water  

 NYC Tap water was characterized in a subset of experiments and analyzed for TOC, free 

chlorine and pH as it flowed through a manifold containing online water quality instruments. 

Readings were taken from the manifold immediately after the water was collected (Table S2).  

 

Table S2: Analysis of NYC tap water prior to addition of CrIII and 
chlorine 

Experiment(1)  TOC (mg/L) 
Free Cl2 

(mg/L as Cl2) pH 
1 1.74 0.61 7.35 
2 1.74 0.45 6.98 
3 1.71 0.60 7.32 
4 1.70 0.58 6.99
5 1.77 0.57 7.02
6 1.72 0.52 6.95 
7 1.74 0.61 7.35 

11 1.67 0.62 7.33 
12 1.64 0.57 7.11 
13 1.68 0.64 7.17 
14 1.73 0.56 7.18 
15 1.63 0.54 7.13
16 1.63 0.54 7.13
17 1.69 0.50 7.15 
18 1.69 0.47 7.03 
19 1.75 0.50 7.08 
20 1.75 0.50 7.08 

(1) Experiment numbers correspond with results in Table 1 
 

 

 
Quality Assurance/Quality Control 

CE calibration standards were prepared by dissolving pre-weighed amounts of K2CrO4 in 

DDW.  To assure accurate CrVI measurements, the CE CrVI calibration solutions were 

standardized by measuring total dissolved chromium (CrT) by using Flame-AAS.  Figure S4 

shows a) the calibration curve for the CrVI AAS standards (absorbance versus CrT) and b) a 

comparison of the measured and nominal CrVI concentrations of the CE standards.  The excellent 

agreement between measured and nominal CrVI concentrations confirms that the concentration of 

CrVI in the CE standards are accurate.   
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Figure S4.  In a) a representative CrVI calibration curve is shown Flame-AAS and b) a 
comparison between actual and nominal Cr(VI) concentrations on the AAS. 

 

Figure S5.  Calibration curves for CE analysis of a) CrVI
T and b) CrIII-EDTA using a phosphate 

background electrolyte.  See the Methods section for details. 
 

Representative calibration curves for CrVI
T and CrIII-EDTA are shown in Figure S5.  The 

lowest standard in both cases was 2 μM.  This standard yielded a discernible peak for both CrVI
T 

and CrIII-EDTA.  The relationship between normalized peak area (peak area / migration time) 

was extremely linear over the range of standard concentrations employed (2 to 100 μM).  

Standard curves for CrVI
T were generated each time a CrIII oxidation experiment was performed.  
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Standard curves for CrIII-EDTA were generated only when it was employed as the starting form 

of CrIII. 

  Chlorine spike experiments were performed by adding various doses of NaOCl (20 to 

100 mg/L as Cl2) to individual vials containing DDW and various amounts of CrVI (Figure S6). 

Free chlorine was measured using the DPD method within a few minutes of the dose.  The linear 

range of the method is 0.02 to 2.0 mg/L as Cl2 so samples were diluted accordingly.  Chlorine 

free blanks were used each time a sample was run in accordance with the method.  The results 

indicate that DPD free Cl2 concentrations were consistently less than the nominal dose.  The 

average ratio of measured to nominal concentration was 0.88 when CrVI
T was not present.   As 

CrVI
T increased, the DPD free Cl2 decreased slightly for the 20 and 50 mg/L Cl2 doses.   

Figure S6.  Measured free chlorine using the DPD method for various nominal doses of NaOCl.  
The categorical axis indicates the amount of CrVI

T present.
 

 
 Online water quality instruments (OWQIs) were used as part of a separate study in our 

laboratory.  NYC Tap water was drawn from the manifold containing these instruments and 

values for TOC free chlorine and pH were recorded (Table S2).  The online monitors were 

calibrated in accordance with manufacturer recommendations, and checked daily against samples 

of known concentration.   The QA/QC limits are shown in Table S3 
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Accuracy and bias of the OWQI sensors was assessed by comparison to grab samples  

measured using bench top instruments.  Two grab samples were collected from the manifold, one 

immediately after the other.  The reading from the OWQI was recorded at the collection time. 

The water quality parameter was immediately measured in the two grab samples (x1 and x2) on 

bench top instrumentation.  Note: If the absolute value of (x1 - x2) was greater than the 

acceptable tolerance (Table S3), two more grab samples were collected and the procedure above 

was repeated.   Accuracy of the OWQI was estimated by computing the difference, Δx, between 

the average grab sample measurement and the OWQI reading.  If the results were outside the 

acceptable tolerance range for 3 consecutive grab samples, re-calibration of the OWQI was 

performed.   
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Table S3: QA/QC Performance Criteria for Grab Samples and OWQIs 
   
Parameter Reporting Units Accuracy Tolerance 
Free chlorine mg/L as Cl2 within ± 0.15 mg/L  
pH pH units within ± 0.25 units  
TOC mg C/L within ± 0.25 mg/L  
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