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SUPPLEMENTARY SECTION 

 

A contrast variation small-angle scattering study of the microstructure of 2,5-

dimethyl-7-hydroxy-2,5-diazaheptadecane-toluene-butanol 

metallomicroemulsions 

Alison Paul, Ian Fallis, Catherine Cooper, Timothy Wess,  Kate Thomas, Richard 

Heenan, Stephen King and Peter Griffiths 

 

Materials 

Reagents were used as received from Aldrich, solvents were purified using standard 

procedures.  Mass spectra were obtained in electrospray mode on a Waters Q-tof 

Micro spectrometer, and  1H NMR spectra were recorded on a Brüker AMX 400 

spectrometer and referenced to external TMS. 

 

Synthesis of 2,5-dimethyl-7-hydroxy-2,5-diazaheptadecane (C10) 

To a solution of 1,2-epoxydodecane (4.6 g, 25 mmol) in distilled dry ethanol (50 ml) 

was added N,N,N’-trimethylethlenediamine (3.1 g, 30 mmol, 1.2 equivalents). The 

reaction mixture was stirred at room temperature for 5 days. Solvent and excess 

reactant was removed using a rotary evaporator by the addition of small volumes of 

toluene. The residue was distilled using a short path distillation apparatus (Kugelrohr) 

to give a pale yellow mobile oil in an 81% yield. 1H NMR (400 MHz, CDCl3): δ = 

0.81 (t, 3H, 6.6 Hz, -CH3), 1.11 – 1.48 (m, 18H, -(CH2)9-), 2.16 (s, 6H, NCH3), 2.24 

(s, 3H, NCH3), 2.18 - 2.27 (m, 3H, HCHN), 2.31 - 2.42 (m, 2H, HCHN), 2.56 (m, 1H, 

HCHN), 3.53 (m, 1H, CHOH). HR-MS (ESI, MeCN/H2O) (m/z): calculated for 

C17H38N2O + H+ 287.3057, found 287.29. 

 

Sample preparation, microemulsion phase diagram determination 

The metal salt - surfactant complexes were formed by dissolving in H2O (or D2O) the 

required mass of ligand and metal salt to produce a 50 mM solution. The solution was 

vortexed and left to equilibrate for 1/2hr. This stock was separated into 0.8 mL 

aliquots, to each of which was added further H2O (or D2O), toluene (hydrogenous or 

deuterated) and butanol (hydrogenous or deuterated) as appropriate to form a series of 

metallomicroemulsion samples.  Visual inspection was used to determine the phase 
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boundaries at 25±1 oC. 

 

Pulsed-gradient spin-echo NMR (PGSE-NMR) 

Pulsed-gradient spin-echo NMR experiments were carried out on a Bruker 

AMX360 NMR spectrometer, operating at 360 MHz (1H) and using a stimulated 

echo-sequence coupled with a 5 mm diffusion probe and a Bruker gradient 

spectroscopy accessory unit. All experiments were conducted at 25 oC. 

Temperature stability was maintained by the standard air heating/cooling system 

of the spectrometer, to an accuracy of ± 0.3 oC.  The self-diffusion coefficient Ds 

was extracted from an analysis of the peak amplitudes according to Equation 1: 

 

)]exp[(),,( so kDAGA −=Δδ         (1) 

 

A is the peak amplitude in the absence (Ao) or presence ( ),,( ΔGA δ ) of trapezoidal 

field gradient pulses of duration δ (400 μs < δ < 2.8 ms), ramp time σ (250 μs), 

strength G (0.86 T m-1) and separation Δ (140 ms). k is given by Equation 2: 
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where γ is the gyromagnetic ratio. 

 

For molecules in fast exchange, a two-state mobility model may be used to 

interpret the diffusion data. In this model, the averaged diffusion rate ( Ds ) of the 

species of interest (e.g. butanol) is assumed to reside in one of two regions i.e. 

molecularly dispersed (dissolved) in the aqueous phase ( Ds
fast ) or solubilised into 

the microemulsion droplet ( Ds
slow ), viz 

 

Ds= pfastDs
fast+pslowDs

slow        (3) 

 

where p is the fraction of time (or equivalently, the concentration) the species 

spends in the fast (molecularly dispersed) or slow (microemulsion state) 

environments, i.e. 
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1= pfast + pslow          (4)  

 

Thus, if one takes the diffusion rate of the slowly diffusing environment to be 

equal to that determined from the oil component, then the average diffusion rate of 

the butanol and its rate of diffusion in water in the absence of the surfactant may 

be used to detemine its partitioning into the microemulsion droplet.  

 

Small-angle X-ray scattering (SAXS) 

Small angle X-ray scattering (SAXS) data was collected either on I22 at the Diamond 

Light Source, Oxfordshire, U.K., or beamline X33 at the European Molecular Biology 

Laboratory (EMBL) of the Deutsches Elektronen Synchrotron (DESY)Hamburg.  The 

sample to detector distance was 5m, covering a scattering range in Q of 0.007 Å-1 to 

0.208 Å-1.  The scattering vector is defined as Q = (4π/λ) sinθ/2, where 2θ is the 

scattering angle and λ is the X-ray wavelength.  The samples were mounted in the X-

ray beam using 1mm glass capillary tubes and exposed for 30 second duration.  The 

scattering images were collected on a 2D RAPID detector. The beam centre was 

identified and the isotropic scattering profiles were integrated to one-dimensional 

linear profiles of intensity vs. scattering vector using the CCP13 software FibreFix.    
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Phase Diagrams 

 

 

 
 

Figure 1S: Phase diagram of an aqueous 25mM Cu(NO3)2-C10 system upon addition 

of toluene and butanol. The Winsor IV phase is a microemulsion, the grey 

intermediate phase is an emulsion and the Winsor I phase is an emulsion with excess 

oil. 
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Figure 2S: Phase diagram of an aqueous 25mM Zn(NO3)2-C10 system upon addition 

of toluene and butanol. The Winsor IV phase is a microemulsion, the grey 

intermediate phase is an emulsion and the Winsor I phase is an emulsion with excess 

oil. 
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Figure 3S: Diffusion coefficients of Zn(NO3)2-C10 (closed circles) and toluene (open 

circles) as a function of the weight percentage of toluene added to the system. 

 



Supplementary Material (ESI) for Soft Matter 
This journal is (c) The Royal Society of Chemistry 2010 

 7

  

wt % toluene

0.0 0.2 0.4 0.6 0.8 1.0

D
iff

us
io

n 
co

ef
fic

en
t /

 m
2 s-1

0

1e-10

2e-10

3e-10

4e-10

5e-10

6e-10

 
Figure 4S: Diffusion coefficient of Zn(NO3)2-C10 on changes of toluene percentage 

and in the presence of 0 % BuOH (closed circles), 2.5% BuOH (open circles) and 5% 

BuOH (closed triangles). Also shown is the BuOH signal at 5% (open triangles). 
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Figure 5S; Comparison of small-angle X-ray scattering from 25mM Cu(NO3)2-C10 in 

D2O; Diamond and Hamburg data. 
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Figure 6S   Small-angle X-ray scattering from 25mM Cu(NO3)2-C10 in D2O with 
0.5wt% toluene. 
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Figure 7S; Small-angle X-ray scattering from 25mM Cu(NO3)2-C10 in D2O / 5wt% 
butanol 
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Figure 8S; Small-angle X-ray scattering from 25mM Cu(NO3)2-C10 / 5wt% butanol / 
0.5wt% toluene / D2O. 

  



<<
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /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


