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Description of C-HETSERF Experiment: 

 

Major difficulty associated with the measurement of long range couplings is their very small 

magnitudes. Measurement of separation between two peaks (i.e. the coupling) is a difficult task 

when they are in close proximity or overlapped in a single cross-section of a 2D spectrum. 

However, such smaller couplings can be determined if the peaks are made to appear in different 

cross-sections. This unique feature, being present in the C-HetSERF experiment [1,2], allows the 

determination of very small long range heteronuclear couplings. The experiment provides E-

COSY type multiplet pattern for the cross peaks that have ananalogy to the other methods like 

HETLOC [3,4] for the extraction of long-range nJXH. The pulse scheme for this experiment is 

given in Figure S2(a). The sequence begins with an INEPT block in which at the end of the 

second delay 1, the antiphase proton magnetization (2IxSz) is converted into longitudinal two-

spin order (i.e. 2IzSz ) by the 1H 90pulse applied along the y axis ( I is proton and S is carbon). 

The first gradient which acts as a z-purge does not affect this term and eliminates coherences that 

are not oriented along the z axis or those arising from proton attached to 12C. It is followed by an 

X-filter, which is a combination of two 90 pulses with phases (x, x) and (x,-x), respectively. The 

first scan with (x, x) phases of both 90 pulses collectively acts as a 180 pulse and inverts only 

the magnetization of 1H attached to 13C (Iy-2IzSz, where Iy is the transverse magnetization of a 

proton not attached to 13C), whereas in the subsequent scan, (x, -x) phases of both 90 pulses 

collectively executes 0 pulse (Iy+2IzSz). Editing of the proton magnetization attached to 13C is 

subsequently carried out by the subtraction of the signals which gives a term 2IySz. This term is 

finally converted into antiphase proton magnetization by the semi-selective 90 pulse on proton 

1H just before the t1evolution period and is subsequently utilized for the spin selective 
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correlation. The use of semi-selective 90 is essential only to select a bunch of frequencies in the 

indirect dimension and can be replaced by a non-selective π/2 pulse to cover the entire spectral 

range enabling the determination of all the couplings in a single experiment. Due to the 

application of the small angle mixing pulse (β<90), the cross peak in the C-HetSERF spectrum 

contains components of connected transitions and the unconnected transitions are suppressed 

resulting in an E-COSY type multiplet pattern. To derive better insight into the C-HetSERF 

experiment, an AMX spin system as shown in Figure 3(b) is considered where A and A/ are 

protons separated by three bonds and X is a carbon directly bonded to proton A. When the semi-

selective /2 pulse is applied on A, the appearance of spectrum and the extraction of couplings 

from frequency differences in both diagonal and cross peaks are pictorially depicted in Figure 

S2(b) 
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Figure S3:  Measured couplings are marked as double headed arrows in but-2-yne-1,4-diyl 

bis(perfluorophenyl) dicarbonate and the 2D C-HETSERF spectrum.   

 

S2 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



Table: Experimental and processing parameters. The unshifted sine bell was used as a window 
function for all the 2D experiments before Fourier transformation. 

 

Systems Spectral 

width (ppm)
 

Data points Zero filling Delay 
“∆” 
(ms) 

Number 
of scans

F2 
F1 

F2 F1 F2 F1 
  

Cis-Stilbene(1)  

and Trans-stilbene(2) 

2.45 2.45 2314 300 4k  1k 2 8 

Cis-dichloroethene(5) 
and Trans-
dichloroethene(6) 

0.86 0.86 2054 256 4k 512 1.31 8 

Maleic acid (cis-
isomer)(4) and Fumaric 
acid (trans-isomer)(3) 

1.6 1.6 1534 256 4k  512 1.5 8 

Phenanthrene(8)  2.82 2.82 2048 256 4K  512 1.5 8 

But-2-yne-1,4-diyl 
bis(perfluorophenyl) 
dicarbonate (7) 

0.86 0.86 600 300 2K  1K 1.61 8 

Pyrene(9) 1 1 2054 256 4k 512 3.5 8 

Porphyrin(10) 2.8 2.8 2054 256 4k 512 3.4 8 

 

 

 

 

S3 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



References 

 

1. a) N. Nath, N. Suryaprakash, J. Phys. Chem. B,2011, 115, 6868-6875; b) N. Nath, N. 
Suryaprakash, Chem. Phys. Lett. 2010, 496,175–182. 

2. N. Nath, Ph. D. Thesis, Indian Institute of Science, Bangalore, 2011. 

3. M. Kurz, P. Schmieder, H. Kessler, Angew. Chem. Int. Ed. 1991, 30, 1329-1331. 

4. P. Schmieder, M. Kurz, H. Kessler, J. Biomol. NMR, 1991, 1, 403-420. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S4 
 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



<<
  /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
  /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

  /CreateJDFFile 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


