
Experimental Section 

 

Materials 

Different viscosity grades of Hydroxy propyl methyl cellulose (AnyAddy, 15, 50, 100 

and 4000cps, Samsung Fine Chemicals) were received as generous gift samples from 

Harke FoodTech, Germany. Sunflower oil was received as a gift sample from 

Vandemoortele Lipids N.V., Belgium. Nile red was purchased from Sigma Aldrich 

Inc., USA. 

 

Preparation of organogels 

The organogel preparation included following steps: 

1) Aqeuous foam preparation and drying: Accurately weighed samples of HPMC 

were dissolved in water to achieve 2 %wt polymer solutions. These solutions of 

different viscosity grade HPMC were then aerated with the use of high dispersing unit 

(Ultraturrax®). The aqueous foam was then frozen at -23 ºC overnight before 

subjecting them to freeze drying using VaCo5 lyophilizer (ZirBus Technology, 

Germany). 

2) Organogel formation: Accurately weighed quantities of sunflower oil was sorbed 

onto the dried cryogels and left overnight. The oil-sorbed cryogels were sheared at 

11,000 rpm using Ultraturrax® to get organogels. Organogels with varying amount of 

polymer weight (1-5 %wt) were prepared for comparision. 

 

Microstructure studies 

The microstructure of aqueous foam, cryogel and organogel was studied using optical 

&  polarized light, confocal and electron microscopy.   

Optical and polarized light microscopy was used to image both the aqueous foam and 

the organogel on a Leitz diaplan microscope, Lietz Wetzlar Germany). For foam, a 

diluted sample was used for better viewing of the air bubbles.  

For confocal microscopy, Nile red was first dissolved in sunflower oil and this oil was 

then used for preparing the organogel samples. Samples were imaged using a Nikon 

A1R confocal microscope (Nikon Instruments Inc., USA). Excitation was performed 

by means of a 488nm Ar laser and fluorescence was detected through a 525/50 

bandpass filter. Images were acquired and processed with Nikon NIS Elements 
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software. 

For cryo-scanning electron microscopy, cryogel sample was placed on a rivet-type 

holder, plunge-frozen in liquid nitrogen and transferred to the cryo-chamber of an 

Oxford Cryo-Trans 1500 cold stage attachment (Oxford Instruments, Tubney Woods, 

Oxon, UK). Sample was subsequently cryoplaned in a cryo-ultramicrotome (Leica) 

and shortly sublimated (freeze-etched) at -90°C. The fractured sample was sputter-

coated with Au/Pd, and examined in a JEOL JSM6340F SEM (JEOL Ltd, Tokyo, 

Japan) operated at 3kV. 

 

Oil uptake study 

For studying the oil uptake, weighed sample of cryogel (X) was placed on a sieve 

attached to a holder at a height of around 5 cm on top of a weighing balance. Weighed 

amount of oil sample was dropped on the cryogel using a pipette until the sample was 

saturated with oil and could no longer absorb any oil. The oil-sorbed sample was left 

on the sieve for an hour and any oil spilled on the balance was weighed and subtracted 

from the initial amount of oil added to get OT. The oil swelling capacity as calculated 

by following formula:-  

Oil swelling capacity = [OT/X] *100 

For better visualization, Nile red was dissolved in oil and this oil was used to 

demonstrate rapid uptake of oil by cryogel. Precisely, 0.2 g sample of cryogel was 

placed in petridish containing 25 g oil (containing Nile red) and pictures were clicked 

every 60 seconds to follow the oil uptake. 

 

Rheological measurements 

The rheological measurements were carried out on an advanced rheometer AR 

2000ex (TA Insutruments, USA) using a parallel plate geometry of diameter 40mm. 

The viscoelastic parameters such as storage (G’) and loss (G”) moduli were measured 

as a function of time, temperature and frequency. For LVR studies, the samples were 

subjected to a varying stress from 0 to 250 Pa at a constant frequency of 0.25 Hz at 20 

ºC. Temperature and frequency sweeps were carried out at a constant stress of 10 Pa 

and varying temperatures (from 20 to 100 °C) and frequencies (from 0 to 100 Hz) 

respectively. Temperature-time related behaviour was studied by measuring the 

viscoelastic modulus over 20 minutes at increasing temperatures from 20 to 80 °C. 
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The flow behaviour of the samples was also studied by measuring the change in 

viscosity at a shear rate of 0.1 s-1 over time for organogels prepared at different 

polymer weights (1-5 %wt). The thixotropic and shear-thinning behaviour was 

studied by measuring viscosity over time at 2 alternative shear rates (0.1 and 10 s-1). 

 

 
Tables & Figures 

 
Table. S1. Foaming properties of different viscosity grades of HPMC. Initial volume 
of HPMC solution, initial foam volume (at time t0) and final volume after 30 minutes 
(at time t30) were measured and used for calculation of % overrun and % foam 
stability. 

 
Viscosity grade (cPs) 15 50 100 4000 

Initial volume (mL) 10 10 10 10 

Volume foam t0 (mL) 42,5 37,5 35 30,5 

% overrun 325 275 250 205 

Volume foam t30 (mL) 10 11 13 27 

% foam stability 0 9.6 12.5 82.9 

 
 
 

 
 

Fig. S1. Photograph of an organogel with 98 %wt liquid oil prepared by shearing oil-
sorbed cryogels. 
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Fig. S2. Volume view generated from the stacks of confocal images. Polymer sheets 
are seen uniformly dispersed through the sample as indicated by their presence at 
several depths of the sample. 

 

 
 

Fig. S3. Microscopy images of sunflower oil organogel (prepared at 2 %wt polymer 
weight) under optical light (a) and polarized light (b). 
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Fig. S4. Complex modulus and phase angle as a function of oscillatory stress. 
 

 

 
 

Fig. S5. Photograph of an organogel with 98 %wt liquid oil stored at 5°C for over 3 
months. No oiling out or polymer sedimentation was observed on storage. 
 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013


	Experimental Section


<<
  /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 1.6
  /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 (None)
  /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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


