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Parameterisation of Force Field 

The first stage of this work was the addition of parameters to the MM+ force field to enable the bite 

angle to be calculated.  Parameters are generally obtained from X-ray crystallography structures or 

quantum mechanics studies and require equilibrium values and force constants for bonds, angles and 

torsions.  To calculate the bite angle, one atom type must be added to the force field, that of the metal 

and a series of corrections and modifications must be made to other parameters for those atoms that 

interact directly with the metal centre.  This work was done in stages to ensure that only those 

parameters that were necessary were added to the force field to avoid creating a large number of 

variables each requiring testing and modifying.  To simplify matters further, three dendrimers were 

picked for this work with closely related structures (figure S1).  

 

Figure S1: Three small ligands used for parameter development.  Dppe – Bis-

diphenylphosphinoethane, Dppp – Bis-diphenylphosphinopropane, Dppb – Bis-

diphenylphosphinobutane. 
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The parameters were developed using a trial and error approach with a series of small molecules 

(figure S1) for which both the X-ray crystal structure had been reported in literature(1) as well as 

previous bite angle calculation values.  A successful set of parameters was defined as those that could 

reproduce the same trends in series of ligands and were within ± 4 º of the values calculated by X-ray 

diffraction. 

The first attempt to model rhodium diphosphine complexes with the Hyperchem Program was made 

using the MM+ forcefield with no modifications because it automatically assigns the atom type ** to 

elements for which no atom type exists (such as rhodium) and creates values for bond stretches, bond 

angles, torsions and non-bonded interactions that are not found in the parameters based on a series of 

rules.  

 

Table S1: Atom types present within MM+ force field 

Element Atom Type Notes 

Carbon C4 Aliphatic carbon, sp3 

Carbon Ca Aromatic carbon 

Hydrogen H Hydrogen atom singly bonded 

Phosphorus P General phosphorus atom 
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Generic ** Unassigned atom 

Rhodium rh Rhodium  

Phosphorus pa 4 coordinate P 

 

Basic force field parameters were added to the MM+ force field, based on Casey ‘s work.  An atom 

type rh for Rhodium (mass: 102.906 amu, atom type 73.) was added as well as a selection of bond 

stretches and angle bends.  

 In keeping with the method of Casey, the force constant for the P-Rh-P bend was set to zero and no 

equilibrium value was entered.  Values were entered for Rh-P-C bends and the P-Rh bond length was 

set to a standard value of 2.315 Å with a very high force constant to ensure it did not deviate. 

 

In order to refine the parameters, another atom type was added to the force field, this time for 

tetrahedral phosphorus (pa, atom type no. 74).  The parameters for this were derived from Casey et al. 

(2) (3,4)and Gleich et al.  (5,6) and also from modifying pre-existing parameters for phosphorus-carbon 

bonds to include the new phosphorus atom type.  While this meant that a large number of parameters 

were created, most of them did not have ‘new’ values.  Bonds and angles including rhodium were 

created (similar to the second approximation) from various sources.   

 

Table S2: Bond Stretches added MM+, entries in italics refer to parameters that were modified by 

changing the atom type from p to pa, entries in bold were added.  Note the very high force constant for 

the pa-rh bond is designed to restrain that bond length.  T1 – atom 1, T2 – atom 2 in bond, Kr – force 

constant, r0 equilibrium bond distance (Å) 

T1 T2 Kr r0 DIPOLE 

rh pa 201 2.315 0 

c3 pa 2.91 1.828 1.04 

c4 pa 2.91 1.856 0.83 
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ca pa 2.91 1.828 1.04 

 

 

 

 

 

 

Table S3: Angle Bends added to MM+, entries in Italics refer to parameters that were modified by 

changing the atom type from p to pa, entries in Bold were added and entries in standard script were 

modified both by changing the atom type from p to pa and by altering the equilibrium value to reflect 

the tetrahedral phosphorus. T1, T2, T3 – three atoms in angle, Kθ – force constant, θo – equilibrium 

angle. 

T1 T2 T3 Kθ Θ0 

pa rh pa 0 0 

rh pa c4 0.4 109.2 

rh pa ca 0.7 117 

c4 c4 pa 0.48 109.5 

c4 pa c4 0.576 96 

c4 pa ca 0.7 109.5 

ca ca pa 0.38 120 

h c4 pa 0.36 109.5 
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Table S4: Torsion parameters added to MM+, entries in Italics refer to parameters that were modified 

by changing the atom type from p to pa, entries in Bold were added and entries in standard script were 

modified both by changing the atom type from p to pa and by altering the equilibrium value to reflect 

the tetrahedral phosphorus. T1, T2, T3, T4 – four atoms in torsion, V1, V2, V3,  - what the hell are these 

values? 

T1 T2 T3 T4 V1 V2 V3 

c4 pa rh pa 0.2 0 0 

rh pa c4 c4 0.2 0 0 

rh pa c4 c4 0.2 0 0 

rh pa ca ca 0.2 0 0 

rh pa ca ca 0.2 0 0 

ca ca ca pa 0 16.25 0 

ca ca pa c4 0 0 0.4 

ca ca pa ca 0 0 0.33 

ca pa rh pa 0.2 0 0 

h c4 c4 pa 0 0 0.33 

h c4 pa ca 0.05 0 0.2 
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h c4 pa h 0 0 0.428

h ca ca pa 0 16.25 0 

 

 

For comparison purposes, the data obtained for the three small test compounds is shown (table X), 

comparing the average bite angle, bite angle from XRD data and the natural bite angle calculated from a 

minimum energy structure. The trends between the three data sets are the same with the largest angles 

and the largest flexibility being found for the most flexible ligand. The bite angle calculated from the 

minimum energy structure is within approximately 3 º of that obtained by x-ray diffraction while that 

obtained from dynamics at 300 K is between 2 and 14 º higher than the x-ray value.  This is to be 

expected, as at 300 K there is more energy in the system available for overcoming energy barriers, 

which leads to an increase in the number of energetically accessible conformations.  In general, the 

addition of a CH2 group increases the average bite angle by approximately 8 – 13 º and raises the 

flexibility range accordingly.  The increase in size of ring formed on coordination also broadens the 

flexibility range. 

 

Table S5:  The bite angle calculated from the minimum energy structure (ßn), average bite angle (ßd) 

and flexibility calculated at 300 K with an average of 210000 frames of data.  XRD data from (1) 

Molecule Calculated 

P-M-P /º 

X-ray Average 
Value P-M-P / º 

Molecular 
Modelling 

ßn (º) ßd  (º) Flexibility (º) 

7 85.03 (3.11) 82.55 (3.65) 78.1, 84.4  81.20 86.3 70.0 – 98.0 

8 91.08 (4.00) 91.56 (3.70) 86.2 88.94 94.5 79.5 – 116.8 

9 97.70 (5.15) 97.07 (2.84) 98.6 96.49 107.1 85.0 – 135.8 

 

βn is calculated with our parameters finding a minimum energy structure.  The values are within +- 3 

deg of the x-ray values, substantially better than the previous modelling values, and better than the 
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calculated PMP angles.  Need to elaborate on differences between beta n and beta d. beta d correlates 

with x-ray diffraction data, which is collected at room temperature.  Do I have beta d complex for these 

ligands? 
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Restraints 

In order to gain additional insight into the dendrimer-metal complex, modelling simulations of the 

dendrimer with a rhodium complex attached at one branch was attempted.  

Figure S2: Rhodium complex attached to G1-16ethylPPh2 by diequatorial binding.  The phenyl rings 

have been omitted for clarity. 
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Adding parameters to an empirical force field for transition metal complexes is extremely difficult 

especially when required to define specific positions of binding such as axial or equatorial.  This is best 

appreciated when considering the two carbonyls in the complex (figure S2).  The axial carbonyl would 

require very different parameters in terms of angles with such as HRhC = 180 º and PRhC = 90 º, 

compared to the equatorial carbonyl HRhC = 90 º and PRhC = undefined.  It would not be possible to 

add values for PRhC for an equatorial coordinated carbonyl because defining those two angles with 

high force constants to enforce trigonal bipyramidal geometry at the metal centre would define the third 

angle, PRhP.  The problem is mainly to do with getting the computer program to recognize two identical 

atoms in two subtly different environments and no way could be found to solve this by adding 

parameters to the force field.  

Table S6: Bond length restraints used for simulation of metal complex. 

Bond R0 (Å) Kb Hard Kb Soft

Rh-H 1.65 7 5 

Rh-Ca 1.90 7 5 

Rh-Ce 1.90 7 5 

Ca-Oa 1.18 7 5 

Ce-Oe 1.18 7 5 
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Table S7: Angle bend restraints used for simulation of metal complex. 

Angle R0 (º) Kθ Hard Kθ Soft

P1RhCa 90 125 5 

P2RhCa 90 125 5 

HRhCa 180 125 25 

HRhCe 90 125 25 

RhCaOa 180 125 25 

RhCeOe 180 125 25 

HRhP1 90 125 5 

HRhP2 90 125 5 

 

Hyperchem offers the use of restraints to set lengths, angles and torsions to fixed values to keep part 

of a molecule in a specific orientation and this offered the best route for modelling a rhodium-dendrimer 

complex.  Hard restraints were used in the first instance, creating extremely rigid geometry around the 

metal centre to allow the molecule to be heated to a high enough temperature to overcome any energy 

barriers induced by these restraints.  The hard restraints are detailed in tables S6 and S7 and include 

high force constants.  The dendrimer complexes were heated to 1500 K then cooled to 300 K.  At this 

point, the restraints were reduced to allow more freedom of motion.  Angles that included the 

phosphorus atoms were reduced to very low values to enable calculation of the bite angle and the others 

were reduced to moderately low values.  The dendrimer complex was cooled to 0 K and equilibrated at 

the 300 K after a short period of energy minimisation. 

 

 

 

 

 

 



 

10

 

 

References: 

 

 1.  Angermund, K.; Baumann, W.; Dinjus, E.; Fornika, R.; Gorls, H.; Kessler, M.; Kruger, C.; 
Leitner, W.; Lutz, F. Chemistry-A European Journal 1997, 3(5), 755-764. 

 2.  Casey, C. P.; Whiteker, G. T.; Melville, M. G.; Petrovich, L. M.; Gavney, J. A.; Powell, D. R. 
Journal of the American Chemical Society 1992, 114(26), 10680. 

 3.  Casey, C. P.; Whiteker, G. T.; Melville, M. G.; Petrovich, L. M.; Gavney, J. A.; Powell, D. R. 
Journal of the American Chemical Society 1992, 114(14), 5535-5543. 

 4.  Casey, C. P.; Whiteker, G. T. Israel Journal of Chemistry 1990, 30(4), 299-304. 

 5.  Gleich, D.; Schmid, R.; Herrmann, W. A. Organometallics 1998, 17(22), 4828-4834. 

 6.  Gleich, D.; Schmid, R.; Herrmann, W. A. Organometallics 1998, 17(11), 2141-2143. 

 

 



<<
  /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


