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General procedure for preparation of monobasic buffer solutions

The general method used to prepare monobasic buffers is detailed below, an example is included for the preparation

of a 0.05 M ethanol amine buffer, at pH 10, using NaCl to fix the overall ionic strength to 0.1 M (prepared at 25°C).

Step 1: The pK, of ethanol amine (9.50") was thermodynamically adjusted for temperature and ionic strength
using the Debye-Huckel relationship shown in equation 1,> where pK , 1s the modified pK,, z,is the charge on the
a

conjugate acid, 7 is the ionic strength of the solution and 4 is a constant which has a value of 0.5114 at 25 °C.?

AVI
K, =pK,+(2z,-1)- -0.1-/ 1
pK, =pK, +(2z )Lﬂﬁ } (1)
0.51144/1.0
K, =9.5+((2x0)-1)-| =212 1 0.1%1.0 2
pK, +((X))[1+ﬂ X} (2)
pK_, =9.61 3)

Step 2: The Henderson-Hasselbalch relationship (eq. 4) was then used to determine the concentration of base [A]
and acid [HA] in the buffer at the given pH and the total buffer concentration (i.e. pH 10 at a total buffer

concentration of 0.05M).
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_ a7
[pH] = pK, +1log, [HA] 4)

Equation 4 implies that the acid component of the buffer is neutral, and the basic component has a negative charge.
While this is true for many buffers, in the case of ethanol amine for example, the basic component is neutral and the
acid component is charged (+1). For clarity the Henderson-Hasselbalch equation may be re-written as shown in

equation 5, where A", defined as a proton acceptor from Bronsted-Lowry theory represents the base.

base
[pH] =pK, +log,, u )
[acid]
The total concentration of acid and base in the buffer is given by equation 6.
Churer = [HA]+[A] (6)

The concentration of acid [HA] is related to the concentration of hydrogen ion [H'] and base [A7] through the

equilibrium constant, K, see equation 7.

[H'][A']

HA]=—7F"—7 7
[HA] K. (M
Rearrangement, followed by substitution of equation 7 into 6 allows the concentration of base to be determined.

H'J[A i
Cbuffer = % + [A ] (8)
) C,/IK

[A]:[ buf] f (9)

K, +[H]

-10

[A]= [0.05][21.045><10 ]10 (10)

[2.45x10 "]+ [1x10 ]
[A]=0.0354M 1)
[HA]+[A]1=0.05M (12)
[HA]=0.0146 M 13)

Step 3: Using this information the ionic strength of the buffer species can then be determined.
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The ionic strength describes the overall ionic properties of the solution. It is a function of the concentration

of all individual species dissolved in solution; encompassed in equation 14.
=1 > (¢,z) 14
=5 4,6 (14)

where c¢;is the concentration of the ionic species, 7, and z; is the charge on that ion. The total ionic strength is taken as

the sum of all species.
In this example the concentration of [base] and [acid] is 0.0354 M and 0.0146 M, respectively.

The final buffer can be prepared in 2 ways (1) by dissolving the required amount of basic and acidic components in
solution to give a final solution at the correct pH, (2) dissolve the required amount of basic or acid component in

solution, then titrate it to the required pH using either strong acid or base.

In the case of citric acid buffer, the only ions which contribute to the ionic strength are protonated ethanol amine
(HOCH,NH;") and chloride anion (CI).

There ionic strength is calculated below,

| = %(HOCHZNH; x1%)+(CI x-1%) (15)
/ :%(0.0146><12)+(0.0146><—12) (16)
[=0.015M (17)
As, Itotal = Ibuffer + Isalt: (18)

where Iy and I are the ionic strength due to the added salt and buffer species acting alone, respectively. This

indicates that another 0.085 M of NaCl must be added to maintain an ionic strength of 0.1 M

General procedure for preparation of multivalent buffer solutions
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The method used to prepare multivalent buffers is more complicated. A full derivation will not be given here
but the following equations describe the general principles.

Equations (19-23) describe how the fractional composition of each ionic species (H3A, H,A™ and Ajz) in a
trivalent buffer, such as citric acid used in this study, vary with changes in pK,, (thermodynamically corrected), the
total concentration of hydronium ion given by D, and the total buffer concentration [C].?

The fractional composition of each species multiplied by the total buffer concentration [C] gives the
concentration of each species in solution (mol dm™). The concentration of each individual species can then be
inserted into equation 14, to give the ionic strength. Summation of the ionic strength for each species gives lyurer
(equation 18). From /. one can determine the amount of salt that must be added to maintain a fixed ionic strength.

Care must be taken to use the correct charge and include all the counterions.

K=D’+DK, +DK_K,, +K, K, .K.. 19)
F(H,A) = [HéA] _ %3 (20)
F(H,A") = [HEA_] - DZ:al @1)
F(HA™) = [ng_] - DK;KaZ 22)
rary=[AT]_ KaKaKe 3
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Buffer recipe used to measure the effect of salt identity on the “static” response of the diffraction grating

Table 1. Amount of citric acid and added salt required to maintain a fixed buffering capacity and ionic strength in a 100 mL solution.

Salt NaAce NacCl NaNO; NaBr Nal NaSCN
pH 3.6 3.6 3.6 3.6 3.6 3.6
Concentration of
buffer required/ M 0.01 0.01 0.01 0.01 0.01 0.01
Ionic strength of buffer
due to buffer species 0.01 0.01 0.01 0.01 0.01 0.01
alone/ M
Required Ionic
Strength/ M 0.1 0.1 0.1 0.1 0.1 0.1
Amount Ofg‘“mc acid/ | gy 1.92 1.92 1.92 1.92 1.92
Amount Ogadded salt/ | 74 0.52 0.76 0.92 134 0.73

Buffer recipe used to measure the “dynamic” response of the diffraction grating

Table 2. Amount of buffer and NaCl required to maintain a fixed buffering capacity and ionic strength in a 100 mL solution.

Buffer Ethanol amine Citric acid
pH 11.2 3.6
Concentration of buffer required/ M 0.05 0.05

Ionic strength of buffer due to buffer

species alone/ M 0.0013 0.05
Required Ionic Strength/ M 0.1 0.1
Amount of buffer/ g 0.31 0.96
Amount of NaCl/ g 0.60 0.28

References



Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2009

J. A. Dean, Lange s Handbook of Chemistry, McGraw-Hill, New York, 1973.
R.J. Beynon and J. S. Easterby, Buffer Solutions, IRL Press, New York, 1996.

P Atkins and J d. Paula, Elements of Physical Chemistry, 3 ed, Oxford University Press, Oxford , 2000.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 false
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


