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Materials and Methods

Electrode Preparation

All chemicals and supplies were high purity (> 99.9%) and supplied from Alfa Aesar or
Fisher Scientific. For anodic catalyst selection, 5 cm’ titanium foil (0.127 mm thick)
was used for working electrode substrates. Nickel foil (5 cm” 0.127 mm thick) was
used for nickel oxyhydroxide modified nickel electrode (NOMN) substrates. Titanium
wire (0.25 mm diameter) was connected to the working electrode substrates by cutting a
small 1 mm slit in the foils and penetrating the Ti wire through the electrode. Pliers and
a hand press were used to secure the connection. After constructing the anodes, the
electrodes were rinsed with acetone and HPLC-grade ultrapure water. They were dried
in an oven, and the electrode weights were recorded in order to determine catalyst
loadings. Platinum foil counter (25 cm”) was used for both electroplating and testing
the anodes. The Pt-foil cathode was constructed similarly to the anodes.

Catalyst Deposition

Table S1 shows catalyst plating conditions. The concentration of each metal in the bath
was 160 mg L. All of the salts were 99.99% pure from Alfa Aesar. Deposition
potentials were experimentally determined using cyclic voltammetry using the setup in
Figure S2. All electrodes in this study were plated potentiostatically with this same
setup. A 2.5 cm stir bar at 60 rpm kept the bath solutions mixed during experimentation
minimizing concentration gradients. Koslow Scientific supplied the Ag/AgCl reference
electrode (+0.2224 V versus SHE) supported by a home-made Luggin capillary filled
with its respective electrolyte. The tip of the Luggin capillary was placed 1 mm from
the center of the working electrode. Platinum foil (0.01 cm thick, 99.999% pure from
ESPI Metals) acted as the anode for plating except in the case of Ni, which utilized Ni
foil (0.127 mm thick). The Ni electrode was plated using the common Watts bath (1).
All of the plating solutions prepared here were solvated with ultrapure high performance
liquid chromatography (HPLC) water.

Table S1. Electrocatalyst plating conditions

Metal Anode Electrolyte Salts Temperature  Plating Potential
(foil) (°C) (V versus Ag/AgCl)
Rh Pt 1 M HCI/HPLC RhCl;3H,0 78 -0.12
Pt Pt 1 M HCI/HPLC H,PtCls 6H,0 78 -0.12
Pt-Ir Pt I MHCVHPLC g pcl6H,0 78 -0.12
+ IrCl;'3H,0
Ni Ni 0.5M NISO47H20 45 -0.80
B(OH)s/HPLC e
+ NiCl, 6H,O
Activation

A variety of procedures can be employed to activate a nickel electrode to the NOMN
form (2-4). The activation solution used here consisted of nickel sulfate (0.05 M),
sodium acetate (0.10 M) and sodium hydroxide (0.005 M)). The activation was affected
by holding the nickel electrode at 6.25 A m™ galvanostatically with a stainless steel
counter electrode at 33°C. Polarity switching was employed such that the nickel
electrode was used as the anode and cathode twice each for one minute. The same
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nickel electrode was then held as the anode and cathode for two minutes each, before
two hours of further activation with the nickel kept as the anode.

Product Analysis

GC

The gaseous products at each electrode were collected separately using a Hoffman
electrolysis apparatus (Fisher Scientific) filled with 0.33 M urea and 5 M KOH. A
potential of 1.5 V was applied with an Arbin BT2000 potentiostat for 22 hours to allow
for sufficient gas production. The anode was a 20 cm” Ni foil (99.99% pure) that was
deposited with 34.0 £ 0.1 mg of Ni and activated to form a NOMN electrode. The
cathode was a 25 cm? Pt foil (99.999% pure). A 10 mL gas sample was extracted from
each column and injected into the GC (SRI 8610 multi-gas) sample loop to ensure
removal of any residual gases. Finally, 0.1 mL from the sample loop was then injected
onto Haysep and mol sieve columns with a TCD detector.

Urea determination

Six urea standards of different concentrations were prepared in the range of 0.10 to 0.33
M urea in 7 M KOH. The solutions were sealed in 250 mL brown plastic bottles and
heated at 70°C for 22 hours. The bottles were then allowed to cool to room temperature
for 5.5 hours. Each bottle was then opened and allowed to equilibrate with air for
exactly one minute before extracting 1 mL with a volumetric pipet and diluting to 100
mL. A 45 mL aliquot of each diluted solution was treated with 1 mL pH adjusting
solution and tested with an ammonia ISE (Ion-selective electrode, Orion 9512 Ammonia
Electrode) for determination of ammonia concentration in ppm. These results were
compiled to create a calibration curve for urea determination (Figure S3). An
exponential curve fits the data points with R? value of 0.9966, meaning that 99.7% of
the wvariation in NH; concentration can be explained by the variation in urea
concentration with the exponential relationship.
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Supporting Figures

210 A
Cion=
170
130
NE 1M
(]
o
E 90 Ve 7 o
50 1 / T
10 1
oM
30 , . ‘ . . ,
0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
E (V) vs Hg/HgO
" Tson=_70°C
290 /
— 5SMKOH ®)
5 50°C
550 4 — 5MKOH/0.33 M urea
210
25°C
"E 170 -
< 70°C
£ 130 -
el 5000
25°C
50
10 A
30 ‘ ; - : - .
0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
E (V) vs Hg/HgO
1.0
0.9 - ——KoHony  (€)
08 —— KOH/0.33 M urea
0.7 A
=
NE 0.
L Ckon=
=0
E 5M
~— 0. ™
’ 3M
0.3 -
M
0.2 4
M
0.1 A M
M 0
0.0 ; — ; : -0 M (overlap)
0 50 100 150 200 250 300 350
t(s)

Figure S1. Operating conditions effects on electrooxidation of urea. Effect of (a) KOH
concentration on CV behavior, (b) Temperature on CV behavior, and (¢) KOH
concentration on potentiostatic performance.
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Figure S2. Plating setup. A Luggin capillary was used for cyclic voltammetry plating
potential determination and was removed for electrodeposition.
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Figure S3. Calibration Curve for determination of urea concentration.

Urea versus Urine

In order to demonstrate that the oxidation of urea is similar to that of human urine, a
cyclic voltammetry comparison was made using 3 different electrolytes. First, a
baseline comparison in 1 M KOH was made followed by a solution of 1 M KOH with
0.33 M urea. Finally, a solution consisting of 1 M KOH and human urine was tested
and compared. The anode was 2 cm x 2 cm 100-mesh Ni gauze that was sandblasted
with a 2 cm x 2.5 cm 0.4 mg/cm’ Pt on carbon paper cathode. The CV was conducted
at room temperature with a 10 mV/s sweep rate from 0 to 0.8 V versus Hg/HgO
reference electrode. It can be concluded that human urine oxidizes similarly to a
solution of synthetic urine composed of urea.
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Figure S4. Cyclic voltammogram comparison of oxidation of synthetic urine (as urea) to
that of human urine.

References
1. J. P. Hoare, J. Electrochem. Soc, 1986, 33, 2491-2494.

2. A. S. Vaze, S. B. Sawant, V.G. Pangarkar, J. Appl. Electrochem, 1997, 27, 584-
588.

3. A. P. Kowal, S. N. Nichols, J. Richard, Catal. Today, 1997, 38, 483-492.

4. Q. Y1, W. Huang, J. Zhang, X. Liu, L. Li, J. Electroanal. Chem, 2007, 610, 163-
170.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


