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1 Structures

The interactive 3d structures can be enabled by clicking on them. Flash player is required. Online PDF viewers
are often not capable of displaying the structures. If problems arise with other PDF viewers Adobe Acrobat
always worked in our testing.

(a) hom3’ (b) hom3 (c) hom3a

(d) hom3′b (e) hom2”

Fig. S1.1: Interactive 3d representation of the relevant homo-dimers of CD. The shown CD structures are closely
related to the corresponding ED structures.
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////////////////////////////////////////////////////////////////////////////////
//
// (C) 2012--today, Alexander Grahn
//
// 3Dmenu.js
//
// version 20140923
//
////////////////////////////////////////////////////////////////////////////////
//
// 3D JavaScript used by media9.sty
//
// Extended functionality of the (right click) context menu of 3D annotations.
//
//  1.) Adds the following items to the 3D context menu:
//
//   * `Generate Default View'
//
//      Finds good default camera settings, returned as options for use with
//      the \includemedia command.
//
//   * `Get Current View'
//
//      Determines camera, cross section and part settings of the current view,
//      returned as `VIEW' section that can be copied into a views file of
//      additional views. The views file is inserted using the `3Dviews' option
//      of \includemedia.
//
//   * `Cross Section'
//
//      Toggle switch to add or remove a cross section into or from the current
//      view. The cross section can be moved in the x, y, z directions using x,
//      y, z and X, Y, Z keys on the keyboard, be tilted against and spun
//      around the upright Z axis using the Up/Down and Left/Right arrow keys
//      and caled using the s and S keys.
//
//  2.) Enables manipulation of position and orientation of indiviual parts and
//      groups of parts in the 3D scene. Parts which have been selected with the
//      mouse can be scaled moved around and rotated like the cross section as
//      described above. To spin the parts around their local up-axis, keep
//      Control key pressed while using the Up/Down and Left/Right arrow keys.
//
// This work may be distributed and/or modified under the
// conditions of the LaTeX Project Public License.
// 
// The latest version of this license is in
//   http://mirrors.ctan.org/macros/latex/base/lppl.txt
// 
// This work has the LPPL maintenance status `maintained'.
// 
// The Current Maintainer of this work is A. Grahn.
//
// The code borrows heavily from Bernd Gaertners `Miniball' software,
// originally written in C++, for computing the smallest enclosing ball of a
// set of points; see: http://www.inf.ethz.ch/personal/gaertner/miniball.html
//
////////////////////////////////////////////////////////////////////////////////
//host.console.show();

//constructor for doubly linked list
function List(){
  this.first_node=null;
  this.last_node=new Node(undefined);
}
List.prototype.push_back=function(x){
  var new_node=new Node(x);
  if(this.first_node==null){
    this.first_node=new_node;
    new_node.prev=null;
  }else{
    new_node.prev=this.last_node.prev;
    new_node.prev.next=new_node;
  }
  new_node.next=this.last_node;
  this.last_node.prev=new_node;
};
List.prototype.move_to_front=function(it){
  var node=it.get();
  if(node.next!=null && node.prev!=null){
    node.next.prev=node.prev;
    node.prev.next=node.next;
    node.prev=null;
    node.next=this.first_node;
    this.first_node.prev=node;
    this.first_node=node;
  }
};
List.prototype.begin=function(){
  var i=new Iterator();
  i.target=this.first_node;
  return(i);
};
List.prototype.end=function(){
  var i=new Iterator();
  i.target=this.last_node;
  return(i);
};
function Iterator(it){
  if( it!=undefined ){
    this.target=it.target;
  }else {
    this.target=null;
  }
}
Iterator.prototype.set=function(it){this.target=it.target;};
Iterator.prototype.get=function(){return(this.target);};
Iterator.prototype.deref=function(){return(this.target.data);};
Iterator.prototype.incr=function(){
  if(this.target.next!=null) this.target=this.target.next;
};
//constructor for node objects that populate the linked list
function Node(x){
  this.prev=null;
  this.next=null;
  this.data=x;
}
function sqr(r){return(r*r);}//helper function

//Miniball algorithm by B. Gaertner
function Basis(){
  this.m=0;
  this.q0=new Array(3);
  this.z=new Array(4);
  this.f=new Array(4);
  this.v=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.a=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.c=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.sqr_r=new Array(4);
  this.current_c=this.c[0];
  this.current_sqr_r=0;
  this.reset();
}
Basis.prototype.center=function(){return(this.current_c);};
Basis.prototype.size=function(){return(this.m);};
Basis.prototype.pop=function(){--this.m;};
Basis.prototype.excess=function(p){
  var e=-this.current_sqr_r;
  for(var k=0;k<3;++k){
    e+=sqr(p[k]-this.current_c[k]);
  }
  return(e);
};
Basis.prototype.reset=function(){
  this.m=0;
  for(var j=0;j<3;++j){
    this.c[0][j]=0;
  }
  this.current_c=this.c[0];
  this.current_sqr_r=-1;
};
Basis.prototype.push=function(p){
  var i, j;
  var eps=1e-32;
  if(this.m==0){
    for(i=0;i<3;++i){
      this.q0[i]=p[i];
    }
    for(i=0;i<3;++i){
      this.c[0][i]=this.q0[i];
    }
    this.sqr_r[0]=0;
  }else {
    for(i=0;i<3;++i){
      this.v[this.m][i]=p[i]-this.q0[i];
    }
    for(i=1;i<this.m;++i){
      this.a[this.m][i]=0;
      for(j=0;j<3;++j){
        this.a[this.m][i]+=this.v[i][j]*this.v[this.m][j];
      }
      this.a[this.m][i]*=(2/this.z[i]);
    }
    for(i=1;i<this.m;++i){
      for(j=0;j<3;++j){
        this.v[this.m][j]-=this.a[this.m][i]*this.v[i][j];
      }
    }
    this.z[this.m]=0;
    for(j=0;j<3;++j){
      this.z[this.m]+=sqr(this.v[this.m][j]);
    }
    this.z[this.m]*=2;
    if(this.z[this.m]<eps*this.current_sqr_r) return(false);
    var e=-this.sqr_r[this.m-1];
    for(i=0;i<3;++i){
      e+=sqr(p[i]-this.c[this.m-1][i]);
    }
    this.f[this.m]=e/this.z[this.m];
    for(i=0;i<3;++i){
      this.c[this.m][i]=this.c[this.m-1][i]+this.f[this.m]*this.v[this.m][i];
    }
    this.sqr_r[this.m]=this.sqr_r[this.m-1]+e*this.f[this.m]/2;
  }
  this.current_c=this.c[this.m];
  this.current_sqr_r=this.sqr_r[this.m];
  ++this.m;
  return(true);
};
function Miniball(){
  this.L=new List();
  this.B=new Basis();
  this.support_end=new Iterator();
}
Miniball.prototype.mtf_mb=function(it){
  var i=new Iterator(it);
  this.support_end.set(this.L.begin());
  if((this.B.size())==4) return;
  for(var k=new Iterator(this.L.begin());k.get()!=i.get();){
    var j=new Iterator(k);
    k.incr();
    if(this.B.excess(j.deref()) > 0){
      if(this.B.push(j.deref())){
        this.mtf_mb(j);
        this.B.pop();
        if(this.support_end.get()==j.get())
          this.support_end.incr();
        this.L.move_to_front(j);
      }
    }
  }
};
Miniball.prototype.check_in=function(b){
  this.L.push_back(b);
};
Miniball.prototype.build=function(){
  this.B.reset();
  this.support_end.set(this.L.begin());
  this.mtf_mb(this.L.end());
};
Miniball.prototype.center=function(){
  return(this.B.center());
};
Miniball.prototype.radius=function(){
  return(Math.sqrt(this.B.current_sqr_r));
};

//functions called by menu items
function calc3Dopts () {
  //create Miniball object
  var mb=new Miniball();
  //auxiliary vector
  var corner=new Vector3();
  //iterate over all visible mesh nodes in the scene
  for(i=0;i<scene.meshes.count;i++){
    var mesh=scene.meshes.getByIndex(i);
    if(!mesh.visible) continue;
    //local to parent transformation matrix
    var trans=mesh.transform;
    //build local to world transformation matrix by recursively
    //multiplying the parent's transf. matrix on the right
    var parent=mesh.parent;
    while(parent.transform){
      trans=trans.multiply(parent.transform);
      parent=parent.parent;
    }
    //get the bbox of the mesh (local coordinates)
    var bbox=mesh.computeBoundingBox();
    //transform the local bounding box corner coordinates to
    //world coordinates for bounding sphere determination
    //BBox.min
    corner.set(bbox.min);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    //BBox.max
    corner.set(bbox.max);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    //remaining six BBox corners
    corner.set(bbox.min.x, bbox.max.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.min.x, bbox.min.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.min.x, bbox.max.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.min.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.min.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.max.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
  }
  //compute the smallest enclosing bounding sphere
  mb.build();
  //
  //current camera settings
  //
  var camera=scene.cameras.getByIndex(0);
  var res=''; //initialize result string
  //aperture angle of the virtual camera (perspective projection) *or*
  //orthographic scale (orthographic projection)
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var aac=camera.fov*180/Math.PI;
    if(host.util.printf('%.4f', aac)!=30)
      res+=host.util.printf('\n3Daac=%s,', aac);
  }else{
      camera.viewPlaneSize=2.*mb.radius();
      res+=host.util.printf('\n3Dortho=%s,', 1./camera.viewPlaneSize);
  }
  //camera roll
  var roll = camera.roll*180/Math.PI;
  if(host.util.printf('%.4f', roll)!=0)
    res+=host.util.printf('\n3Droll=%s,',roll);
  //target to camera vector
  var c2c=new Vector3();
  c2c.set(camera.position);
  c2c.subtractInPlace(camera.targetPosition);
  c2c.normalize();
  if(!(c2c.x==0 && c2c.y==-1 && c2c.z==0))
    res+=host.util.printf('\n3Dc2c=%s %s %s,', c2c.x, c2c.y, c2c.z);
  //
  //new camera settings
  //
  //bounding sphere centre --> new camera target
  var coo=new Vector3();
  coo.set((mb.center())[0], (mb.center())[1], (mb.center())[2]);
  if(coo.length)
    res+=host.util.printf('\n3Dcoo=%s %s %s,', coo.x, coo.y, coo.z);
  //radius of orbit
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var roo=mb.radius()/ Math.sin(aac * Math.PI/ 360.);
  }else{
    //orthographic projection
    var roo=mb.radius();
  }
  res+=host.util.printf('\n3Droo=%s,', roo);
  //update camera settings in the viewer
  var currol=camera.roll;
  camera.targetPosition.set(coo);
  camera.position.set(coo.add(c2c.scale(roo)));
  camera.roll=currol;
  //determine background colour
  rgb=scene.background.getColor();
  if(!(rgb.r==1 && rgb.g==1 && rgb.b==1))
    res+=host.util.printf('\n3Dbg=%s %s %s,', rgb.r, rgb.g, rgb.b);
  //determine lighting scheme
  switch(scene.lightScheme){
    case scene.LIGHT_MODE_FILE:
      curlights='Artwork';break;
    case scene.LIGHT_MODE_NONE:
      curlights='None';break;
    case scene.LIGHT_MODE_WHITE:
      curlights='White';break;
    case scene.LIGHT_MODE_DAY:
      curlights='Day';break;
    case scene.LIGHT_MODE_NIGHT:
      curlights='Night';break;
    case scene.LIGHT_MODE_BRIGHT:
      curlights='Hard';break;
    case scene.LIGHT_MODE_RGB:
      curlights='Primary';break;
    case scene.LIGHT_MODE_BLUE:
      curlights='Blue';break;
    case scene.LIGHT_MODE_RED:
      curlights='Red';break;
    case scene.LIGHT_MODE_CUBE:
      curlights='Cube';break;
    case scene.LIGHT_MODE_CAD:
      curlights='CAD';break;
    case scene.LIGHT_MODE_HEADLAMP:
      curlights='Headlamp';break;
  }
  if(curlights!='Artwork')
    res+=host.util.printf('\n3Dlights=%s,', curlights);
  //determine global render mode
  switch(scene.renderMode){
    case scene.RENDER_MODE_BOUNDING_BOX:
      currender='BoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
      currender='TransparentBoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
      currender='TransparentBoundingBoxOutline';break;
    case scene.RENDER_MODE_VERTICES:
      currender='Vertices';break;
    case scene.RENDER_MODE_SHADED_VERTICES:
      currender='ShadedVertices';break;
    case scene.RENDER_MODE_WIREFRAME:
      currender='Wireframe';break;
    case scene.RENDER_MODE_SHADED_WIREFRAME:
      currender='ShadedWireframe';break;
    case scene.RENDER_MODE_SOLID:
      currender='Solid';break;
    case scene.RENDER_MODE_TRANSPARENT:
      currender='Transparent';break;
    case scene.RENDER_MODE_SOLID_WIREFRAME:
      currender='SolidWireframe';break;
    case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
      currender='TransparentWireframe';break;
    case scene.RENDER_MODE_ILLUSTRATION:
      currender='Illustration';break;
    case scene.RENDER_MODE_SOLID_OUTLINE:
      currender='SolidOutline';break;
    case scene.RENDER_MODE_SHADED_ILLUSTRATION:
      currender='ShadedIllustration';break;
    case scene.RENDER_MODE_HIDDEN_WIREFRAME:
      currender='HiddenWireframe';break;
  }
  if(currender!='Solid')
    res+=host.util.printf('\n3Drender=%s,', currender);
  //write result string to the console
  host.console.show();
//  host.console.clear();
  host.console.println('%%\n%% Copy and paste the following text to the\n'+
    '%% option list of \\includemedia!\n%%' + res + '\n');
}

function get3Dview () {
  var camera=scene.cameras.getByIndex(0);
  var coo=camera.targetPosition;
  var c2c=camera.position.subtract(coo);
  var roo=c2c.length;
  c2c.normalize();
  var res='VIEW%=insert optional name here\n';
  if(!(coo.x==0 && coo.y==0 && coo.z==0))
    res+=host.util.printf('  COO=%s %s %s\n', coo.x, coo.y, coo.z);
  if(!(c2c.x==0 && c2c.y==-1 && c2c.z==0))
    res+=host.util.printf('  C2C=%s %s %s\n', c2c.x, c2c.y, c2c.z);
  if(roo > 1e-9)
    res+=host.util.printf('  ROO=%s\n', roo);
  var roll = camera.roll*180/Math.PI;
  if(host.util.printf('%.4f', roll)!=0)
    res+=host.util.printf('  ROLL=%s\n', roll);
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var aac=camera.fov * 180/Math.PI;
    if(host.util.printf('%.4f', aac)!=30)
      res+=host.util.printf('  AAC=%s\n', aac);
  }else{
    if(host.util.printf('%.4f', camera.viewPlaneSize)!=1)
      res+=host.util.printf('  ORTHO=%s\n', 1./camera.viewPlaneSize);
  }
  rgb=scene.background.getColor();
  if(!(rgb.r==1 && rgb.g==1 && rgb.b==1))
    res+=host.util.printf('  BGCOLOR=%s %s %s\n', rgb.r, rgb.g, rgb.b);
  switch(scene.lightScheme){
    case scene.LIGHT_MODE_FILE:
      curlights='Artwork';break;
    case scene.LIGHT_MODE_NONE:
      curlights='None';break;
    case scene.LIGHT_MODE_WHITE:
      curlights='White';break;
    case scene.LIGHT_MODE_DAY:
      curlights='Day';break;
    case scene.LIGHT_MODE_NIGHT:
      curlights='Night';break;
    case scene.LIGHT_MODE_BRIGHT:
      curlights='Hard';break;
    case scene.LIGHT_MODE_RGB:
      curlights='Primary';break;
    case scene.LIGHT_MODE_BLUE:
      curlights='Blue';break;
    case scene.LIGHT_MODE_RED:
      curlights='Red';break;
    case scene.LIGHT_MODE_CUBE:
      curlights='Cube';break;
    case scene.LIGHT_MODE_CAD:
      curlights='CAD';break;
    case scene.LIGHT_MODE_HEADLAMP:
      curlights='Headlamp';break;
  }
  if(curlights!='Artwork')
    res+='  LIGHTS='+curlights+'\n';
  switch(scene.renderMode){
    case scene.RENDER_MODE_BOUNDING_BOX:
      defaultrender='BoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
      defaultrender='TransparentBoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
      defaultrender='TransparentBoundingBoxOutline';break;
    case scene.RENDER_MODE_VERTICES:
      defaultrender='Vertices';break;
    case scene.RENDER_MODE_SHADED_VERTICES:
      defaultrender='ShadedVertices';break;
    case scene.RENDER_MODE_WIREFRAME:
      defaultrender='Wireframe';break;
    case scene.RENDER_MODE_SHADED_WIREFRAME:
      defaultrender='ShadedWireframe';break;
    case scene.RENDER_MODE_SOLID:
      defaultrender='Solid';break;
    case scene.RENDER_MODE_TRANSPARENT:
      defaultrender='Transparent';break;
    case scene.RENDER_MODE_SOLID_WIREFRAME:
      defaultrender='SolidWireframe';break;
    case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
      defaultrender='TransparentWireframe';break;
    case scene.RENDER_MODE_ILLUSTRATION:
      defaultrender='Illustration';break;
    case scene.RENDER_MODE_SOLID_OUTLINE:
      defaultrender='SolidOutline';break;
    case scene.RENDER_MODE_SHADED_ILLUSTRATION:
      defaultrender='ShadedIllustration';break;
    case scene.RENDER_MODE_HIDDEN_WIREFRAME:
      defaultrender='HiddenWireframe';break;
  }
  if(defaultrender!='Solid')
    res+='  RENDERMODE='+defaultrender+'\n';

  //detect existing Clipping Plane (3D Cross Section)
  var clip=null;
  if(
    clip=scene.nodes.getByName('$$$$$$')||
    clip=scene.nodes.getByName('Clipping Plane')
  );
  for(var i=0;i<scene.nodes.count;i++){
    var nd=scene.nodes.getByIndex(i);
    if(nd==clip||nd.name=='') continue;
    var ndUTFName='';
    for (var j=0; j<nd.name.length; j++) {
      var theUnicode = nd.name.charCodeAt(j).toString(16);
      while (theUnicode.length<4) theUnicode = '0' + theUnicode;
      ndUTFName += theUnicode;
    }
    var end=nd.name.lastIndexOf('.');
    if(end>0) var ndUserName=nd.name.substr(0,end);
    else var ndUserName=nd.name;
    respart='  PART='+ndUserName+'\n';
    respart+='    UTF16NAME='+ndUTFName+'\n';
    defaultvals=true;
    if(!nd.visible){
      respart+='    VISIBLE=false\n';
      defaultvals=false;
    }
    if(nd.opacity<1.0){
      respart+='    OPACITY='+nd.opacity+'\n';
      defaultvals=false;
    }
    if(nd.constructor.name=='Mesh'){
      currender=defaultrender;
      switch(nd.renderMode){
        case scene.RENDER_MODE_BOUNDING_BOX:
          currender='BoundingBox';break;
        case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
          currender='TransparentBoundingBox';break;
        case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
          currender='TransparentBoundingBoxOutline';break;
        case scene.RENDER_MODE_VERTICES:
          currender='Vertices';break;
        case scene.RENDER_MODE_SHADED_VERTICES:
          currender='ShadedVertices';break;
        case scene.RENDER_MODE_WIREFRAME:
          currender='Wireframe';break;
        case scene.RENDER_MODE_SHADED_WIREFRAME:
          currender='ShadedWireframe';break;
        case scene.RENDER_MODE_SOLID:
          currender='Solid';break;
        case scene.RENDER_MODE_TRANSPARENT:
          currender='Transparent';break;
        case scene.RENDER_MODE_SOLID_WIREFRAME:
          currender='SolidWireframe';break;
        case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
          currender='TransparentWireframe';break;
        case scene.RENDER_MODE_ILLUSTRATION:
          currender='Illustration';break;
        case scene.RENDER_MODE_SOLID_OUTLINE:
          currender='SolidOutline';break;
        case scene.RENDER_MODE_SHADED_ILLUSTRATION:
          currender='ShadedIllustration';break;
        case scene.RENDER_MODE_HIDDEN_WIREFRAME:
          currender='HiddenWireframe';break;
        //case scene.RENDER_MODE_DEFAULT:
        //  currender='Default';break;
      }
      if(currender!=defaultrender){
        respart+='    RENDERMODE='+currender+'\n';
        defaultvals=false;
      }
    }
    if(origtrans[nd.name]&&!nd.transform.isEqual(origtrans[nd.name])){
      var lvec=nd.transform.transformDirection(new Vector3(1,0,0));
      var uvec=nd.transform.transformDirection(new Vector3(0,1,0));
      var vvec=nd.transform.transformDirection(new Vector3(0,0,1));
      respart+='    TRANSFORM='
               +lvec.x+' '+lvec.y+' '+lvec.z+' '
               +uvec.x+' '+uvec.y+' '+uvec.z+' '
               +vvec.x+' '+vvec.y+' '+vvec.z+' '
               +nd.transform.translation.x+' '
               +nd.transform.translation.y+' '
               +nd.transform.translation.z+'\n';
      defaultvals=false;
    }
    respart+='  END\n';
    if(!defaultvals) res+=respart;
  }
  if(clip){
    var centre=clip.transform.translation;
    var normal=clip.transform.transformDirection(new Vector3(0,0,1));
    res+='  CROSSSECT\n';
    if(!(centre.x==0 && centre.y==0 && centre.z==0))
      res+=host.util.printf(
        '    CENTER=%s %s %s\n', centre.x, centre.y, centre.z);
    if(!(normal.x==1 && normal.y==0 && normal.z==0))
      res+=host.util.printf(
        '    NORMAL=%s %s %s\n', normal.x, normal.y, normal.z);
    res+=host.util.printf(
      '    VISIBLE=%s\n', clip.visible);
    res+=host.util.printf(
      '    PLANECOLOR=%s %s %s\n', clip.material.emissiveColor.r,
             clip.material.emissiveColor.g, clip.material.emissiveColor.b);
    res+=host.util.printf(
      '    OPACITY=%s\n', clip.opacity);
    res+=host.util.printf(
      '    INTERSECTIONCOLOR=%s %s %s\n',
        clip.wireframeColor.r, clip.wireframeColor.g, clip.wireframeColor.b);
    res+='  END\n';
//    for(var propt in clip){
//      console.println(propt+':'+clip[propt]);
//    }
  }
  res+='END\n';
  host.console.show();
//  host.console.clear();
  host.console.println('%%\n%% Add the following VIEW section to a file of\n'+
    '%% predefined views (See option "3Dviews"!).\n%%\n' +
    '%% The view may be given a name after VIEW=...\n' +
    '%% (Remove \'%\' in front of \'=\'.)\n%%');
  host.console.println(res + '\n');
}

//add items to 3D context menu
runtime.addCustomMenuItem("dfltview", "Generate Default View", "default", 0);
runtime.addCustomMenuItem("currview", "Get Current View", "default", 0);
runtime.addCustomMenuItem("csection", "Cross Section", "checked", 0);

//menu event handlers
menuEventHandler = new MenuEventHandler();
menuEventHandler.onEvent = function(e) {
  switch(e.menuItemName){
    case "dfltview": calc3Dopts(); break;
    case "currview": get3Dview(); break;
    case "csection":
      addremoveClipPlane(e.menuItemChecked);
      break;
  }
};
runtime.addEventHandler(menuEventHandler);

//global variable taking reference to currently selected node;
var target=null;
selectionEventHandler=new SelectionEventHandler();
selectionEventHandler.onEvent=function(e){
  if(e.selected&&e.node.name!=''){
    target=e.node;
  }else{
    target=null;
  }
}
runtime.addEventHandler(selectionEventHandler);

cameraEventHandler=new CameraEventHandler();
cameraEventHandler.onEvent=function(e){
  var clip=null;
  runtime.removeCustomMenuItem("csection");
  runtime.addCustomMenuItem("csection", "Cross Section", "checked", 0);
  if(clip=scene.nodes.getByName('$$$$$$')|| //predefined
    scene.nodes.getByName('Clipping Plane')){ //added via context menu
    runtime.removeCustomMenuItem("csection");
    runtime.addCustomMenuItem("csection", "Cross Section", "checked", 1);
  }
  if(clip){//plane in predefined views must be rotated by 90 deg around normal
    clip.transform.rotateAboutLineInPlace(
      Math.PI/2,clip.transform.translation,
      clip.transform.transformDirection(new Vector3(0,0,1))
    );
  }
  for(var i=0; i<rot4x4.length; i++){rot4x4[i].setIdentity()}
  target=null;
}
runtime.addEventHandler(cameraEventHandler);

var rot4x4=new Array(); //keeps track of spin and tilt axes transformations
//key event handler for scaling moving, spinning and tilting objects
keyEventHandler=new KeyEventHandler();
keyEventHandler.onEvent=function(e){
  var backtrans=new Matrix4x4();
  var trgt=null;
  if(target) {
    trgt=target;
    var backtrans=new Matrix4x4();
    var trans=trgt.transform;
    var parent=trgt.parent;
    while(parent.transform){
      //build local to world transformation matrix
      trans.multiplyInPlace(parent.transform);
      //also build world to local back-transformation matrix
      backtrans.multiplyInPlace(parent.transform.inverse.transpose);
      parent=parent.parent;
    }
    backtrans.transposeInPlace();
  }else{
    if(
      trgt=scene.nodes.getByName('$$$$$$')||
      trgt=scene.nodes.getByName('Clipping Plane')
    ) var trans=trgt.transform;
  }
  if(!trgt) return;

  var tname=trgt.name;
  if(typeof(rot4x4[tname])=='undefined') rot4x4[tname]=new Matrix4x4();
  if(target)
    var tiltAxis=rot4x4[tname].transformDirection(new Vector3(0,1,0));
  else  
    var tiltAxis=trans.transformDirection(new Vector3(0,1,0));
  var spinAxis=rot4x4[tname].transformDirection(new Vector3(0,0,1));

  //get the centre of the mesh
  if(target&&trgt.constructor.name=='Mesh'){
    var centre=trans.transformPosition(trgt.computeBoundingBox().center);
  }else{ //part group (Node3 parent node, clipping plane)
    var centre=new Vector3(trans.translation);
  }
  switch(e.characterCode){
    case 30://tilt up
      rot4x4[tname].rotateAboutLineInPlace(
          -Math.PI/900,rot4x4[tname].translation,tiltAxis);
      trans.rotateAboutLineInPlace(-Math.PI/900,centre,tiltAxis);
      break;
    case 31://tilt down
      rot4x4[tname].rotateAboutLineInPlace(
          Math.PI/900,rot4x4[tname].translation,tiltAxis);
      trans.rotateAboutLineInPlace(Math.PI/900,centre,tiltAxis);
      break;
    case 28://spin right
      if(e.ctrlKeyDown&&target){
        trans.rotateAboutLineInPlace(-Math.PI/900,centre,spinAxis);
      }else{
        rot4x4[tname].rotateAboutLineInPlace(
            -Math.PI/900,rot4x4[tname].translation,new Vector3(0,0,1));
        trans.rotateAboutLineInPlace(-Math.PI/900,centre,new Vector3(0,0,1));
      }
      break;
    case 29://spin left
      if(e.ctrlKeyDown&&target){
        trans.rotateAboutLineInPlace(Math.PI/900,centre,spinAxis);
      }else{
        rot4x4[tname].rotateAboutLineInPlace(
            Math.PI/900,rot4x4[tname].translation,new Vector3(0,0,1));
        trans.rotateAboutLineInPlace(Math.PI/900,centre,new Vector3(0,0,1));
      }
      break;
    case 120: //x
      translateTarget(trans, new Vector3(1,0,0), e);
      break;
    case 121: //y
      translateTarget(trans, new Vector3(0,1,0), e);
      break;
    case 122: //z
      translateTarget(trans, new Vector3(0,0,1), e);
      break;
    case 88: //shift + x
      translateTarget(trans, new Vector3(-1,0,0), e);
      break;
    case 89: //shift + y
      translateTarget(trans, new Vector3(0,-1,0), e);
      break;
    case 90: //shift + z
      translateTarget(trans, new Vector3(0,0,-1), e);
      break;
    case 115: //s
      trans.translateInPlace(centre.scale(-1));
      trans.scaleInPlace(1.01);
      trans.translateInPlace(centre.scale(1));
      break;
    case 83: //shift + s
      trans.translateInPlace(centre.scale(-1));
      trans.scaleInPlace(1/1.01);
      trans.translateInPlace(centre.scale(1));
      break;
  }
  trans.multiplyInPlace(backtrans);
}
runtime.addEventHandler(keyEventHandler);

//translates object by amount calculated from Canvas size
function translateTarget(t, d, e){
  var cam=scene.cameras.getByIndex(0);
  if(cam.projectionType==cam.TYPE_PERSPECTIVE){
    var scale=Math.tan(cam.fov/2)
              *cam.targetPosition.subtract(cam.position).length
              /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
  }else{
    var scale=cam.viewPlaneSize/2
              /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
  }
  t.translateInPlace(d.scale(scale));
}

function addremoveClipPlane(chk) {
  var curTrans=getCurTrans();
  var clip=scene.createClippingPlane();
  if(chk){
    //add Clipping Plane and place its center either into the camera target
    //position or into the centre of the currently selected mesh node
    var centre=new Vector3();
    if(target){
      var trans=target.transform;
      var parent=target.parent;
      while(parent.transform){
        trans=trans.multiply(parent.transform);
        parent=parent.parent;
      }
      if(target.constructor.name=='Mesh'){
        var centre=trans.transformPosition(target.computeBoundingBox().center);
      }else{
        var centre=new Vector3(trans.translation);
      }
      target=null;
    }else{
      centre.set(scene.cameras.getByIndex(0).targetPosition);
    }
    clip.transform.setView(
      new Vector3(0,0,0), new Vector3(1,0,0), new Vector3(0,1,0));
    clip.transform.translateInPlace(centre);
  }else{
    if(
      scene.nodes.getByName('$$$$$$')||
      scene.nodes.getByName('Clipping Plane')
    ){
      clip.remove();clip=null;
    }
  }
  restoreTrans(curTrans);
  return clip;
}

//function to store current transformation matrix of all nodes in the scene
function getCurTrans() {
  var tA=new Array();
  for(var i=0; i<scene.nodes.count; i++){
    var nd=scene.nodes.getByIndex(i);
    if(nd.name=='') continue;
    tA[nd.name]=new Matrix4x4(nd.transform);
  }
  return tA;
}

//function to restore transformation matrices given as arg
function restoreTrans(tA) {
  for(var i=0; i<scene.nodes.count; i++){
    var nd=scene.nodes.getByIndex(i);
    if(tA[nd.name]) nd.transform.set(tA[nd.name]);
  }
}

//store original transformation matrix of all mesh nodes in the scene
var origtrans=getCurTrans();

//set initial state of "Cross Section" menu entry
cameraEventHandler.onEvent(1);

//host.console.clear();
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(a) hom3’ (b) hom3 (c) hom3a

(d) hom3′b (e) hom2”

Fig. S1.1a: Static representations of the relevant homo-dimers of CD. The shown CD structures are closely related
to the corresponding ED structures. Blue dashed lines indicate intermolecular hydrogen bonds and
red ones intramolecular ones.
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(a) het4 (b) het3’ (c) het2”

Fig. S1.2: Interactive 3d representation of the three most stable hetero-dimers of CD. The shown CD structures
are closely related to the corresponding ED structures.

(a) het4 (b) het3’ (c) het2

Fig. S1.2a: Static representations of the relevant hetero-dimers of CD. The shown CD structures are closely related
to the corresponding ED structures. Blue dashed lines indicate intermolecular hydrogen bonds and
red ones intramolecular ones.
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(a) het6 (b) hom6

Fig. S1.3: Interactive 3d representation of the most stable homo- and hetero trimer of CD. The shown CD struc-
tures are closely related to the corresponding ED structures.

(a) het6 (b) hom6

Fig. S1.3a: Static representations of the most stable homo- and hetero-trimer of CD. The shown CD structures
are closely related to the corresponding ED structures. Blue dashed lines indicate intermolecular
hydrogen bonds.
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2 Tables

Tab. S2.1: Comparison of spectroscopic parameters for the ED slit nozzle expansion spectra shown in Fig. S4.1.
All experiments involve a KBr broadband beamsplitter, CaF2 lenses, a 2mm InSb detector and a
watercooled globar radiation source. The risotto experiment has a significantly lower stagnation pres-
sure and a significantly higher nozzle temperature at lower spectral resolution, but it yields comparable
spectra, suggesting that these parameters are not critical for ED expansions. He consumption is lowest
for the risotto-jet parameters despite the longest nozzle.

parameter
popcorn-jet (old) risotto-jet popcorn-jet (new)

double slit V-shaped V-shaped

experimental parameters

number of scans 125 135 86
substance temperature / ◦C 85 200 70
exposure to temperature / h >2 <0.0002 >2
nozzle temperature / ◦C 105 205 90
helium pressure / bar 1.5 0.8 1.5
repetition rate / min−1 1 0.7 1
pumping speed / m3 h−1 500 1200 500
slit nozzle length / mm 10 90 60
slit nozzle width / mm 2× 0.5 0.2 0.2
He valve opening time / ms 316 200 200

instrument parameters

Bruker FTIR spectrometer IFS 66v/S Equinox 55 IFS 66v/S
individual scan length / ms 178 62 178
spectrometer pressure / bar <0.01 1 <0.01

acquisition parameters

resolution / cm−1 2.0 3.5 2.0
mirror velocity / kHz 80 80 80
frequency range / cm−1 0–15799.83 0–5266.7 0–15799.83
acquisition mode (fast return) double sided single sided double sided

optic parameters

filter range / cm−1 2860–4000 2500–4100 2860–4000
aperture / mm 4 5 4
average nozzle-beam distance / mm 5–6 4–5 4–5
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Tab. S2.2: Example inputs for the ORCA calculations. The X in def2-X ZVP can stand for T or Q depending on
the desired basis set.

type of calculation input

pre-optimisation
!B97-3c abc TightOpt TightSCF Grid3

FinalGrid5

optimisation +
!B3LYP D3BJ abc RIJCOSX def2/J def2-X ZVP

frequency calculation
TightOpt TightSCF NumFreq Grid3 FinalGrid5

GridX4

% elprop Polar 1 end

transition state optimisation

!B3LYP D3BJ abc RIJCOSX def2/J def2-X ZVP

SlowConv OptTS TightSCF Grid3 FinalGrid5

GridX4 NumFreq

%geom

Calc Hess true

Recalc Hess 3 end

Tab. S2.3: Conformational temperatures Tconf in K of ED and CD for M’ estimated from the free (F) OH-stretching
vibration of M and the intramolecularly bound (B) M’ OH-stretching mode in the experimental Raman
and FTIR spectra. For CD, the comparison of bound modes suffers from spectral overlap. Tconf
represents the Boltzmann temperature at which the M’ population relative to M corresponds to the
observed intensity ratio, neglecting differences in rotational and vibrational partition function. It
requires calculated double-harmonic Raman cross-sections ratios and energy differences between the
conformations. The underlying electronic (∆Eel) and zero point corrected (∆E0) energies are given in
kJ mol−1 relative to M, which remains the most stable conformer in all cases. The temperatures at the
B3LYP-D3/def2-TZVP (TTZVP

conf ) and B3LYP-D3/def2-QZVP (TQZVP
conf ) levels are given for zero point

corrected (no parentheses) and uncorrected (in parentheses) energies. It can be seen that the effect of
the zero point energy is quite significant, especially in the case of CD where it leads to unreasonably low
Tconf for the electronic energy difference. After zero point correction, all conformational temperatures
fall in a reasonable range (90–160 K), indicating that the calculated intensity ratios, electronic energy
differences and zero point energy corrections are not too far from reality or profit from systematic error
compensation. All temperatures >30 K are rounded to the nearest multiple of ten.

ED CD
TZVP QZVP TZVP QZVP

∆E0 (∆Eel) 1.053 (0.640) 1.302 (0.947) 0.696 (0.004) 0.952 (0.329)

Spectrum Bands
ED CD

TTZVP
conf TQZVP

conf TTZVP
conf TQZVP

conf

Raman
MF/M’B 110 (80) 130 (100) 100 (0.5) 130 (40)
MB/M’B 90 (50) 110 (80) - -

IR
MF/M’B 130 (80) 160 (110) 100 (0.6) 150 (50)
MB/M’B 130 (80) 150 (110) - -
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Tab. S2.4: Overview of calculated energies ∆E of M’ relative to M from this work (a) and from the literature for
ED and CD. All energies are given in kJ mol−1. The LCCSD(T0)-F12a calculations were conducted
with the Molpro 2012.1 ab initio programm package[1].

Method ED CD

B3LYP-D3(BJ,abc)/def2-TZVPa ∆Eel 0.6 0.0
∆E0 1.1 0.7

B3LYP-D3(BJ,abc)/def2-QZVPa ∆Eel 1.0 0.3
∆E0 1.3 1.0

B3LYP/6-31+G(d,p)[2] ∆E0 1.5 -

B3LYP/6-311++G**[3] ∆E0 2.4 -

B3LYP-D3(BJ)/6-311+G(2d,p)[4] ∆E0 1.4 -

B3LYP/aug-cc-pVDZ[3] ∆E0 1.7 -

B3LYP/aug-cc-pVTZ[5] ∆E0 1.8 -

MP2/6-311G**[6] ∆Eel 0.3 -

MP2/6-311G(d,p)[7] ∆Eel 0.3 -

MP2/6-311++G(d,p)[7] ∆Eel 2.6 -

MP2/cc-pVDZ[8] ∆Eel −0.2 -

MP2/cc-pVDZ[7] ∆Eel 1.8 -

MP2/aug-cc-pVDZ[7] ∆Eel 1.8 -

MP2/cc-pVTZ[7] ∆Eel 1.3 -

QCISD/6-311++G(2d,2p)[9]
∆Eel 2.2 -
∆E0 2.5 -

HM-IEb[7] ∆Eel 1.5 -

CCSD(T)/cc-pVDZ//MP2/cc-pVDZ[8] ∆Eel −0.5 -

CCSD(T)/aug’-cc-pVTZc[5] ∆Eel 1.3 -

LCCSD(T0)-F12a/cc-pVDZ-F12a
∆Eel 1.9 -
∆E0 2.0 -

B3LYP/6-311++G**[10] ∆Eel - 1.3

PBE0/6-311+G(d,p)[11]
∆Eel 1.8 0.8
∆E0 2.0 1.2

bhybrid method according to [12], caug-cc-pVTZ on hydroxylgroups otherwise cc-pVTZ
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Tab. S2.5: Comparison of the electronic ∆Eel and ZPE-corrected relative energy ∆E0 as well as the accumulated
OH-stretching Raman vRa and IR visiblity vIR, normalised with respect to het4, of the 11 lowest dimer
structures of ED and CD for different basis sets (def2-X ZVP, X =T, Q) at the B3LYP-D3 level of
approximation. Each dimer of CD is structurally related to the corresponding ED dimer.

dimer X ZVP
CD ED

∆Eel ∆E0 vRa vIR ∆Eel ∆E0 vRa vIR

het4
T 0.0 0.0 1.00 1.00 0.0 0.0 1.00 1.00
Q 0.0 0.0 1.00 1.00 0.0 0.0 1.00 1.00

het2”
T 11.6 8.1 0.76 0.59 14.9 10.3 0.97 0.74
Q 11.0 6.2 0.78 0.61 13.7 9.1 0.97 0.81

het3’
T 11.4 7.6 1.07 0.89 10.8 7.5 1.21 0.98
Q 9.9 6.4 1.07 0.86 9.4 6.5 1.19 1.00

hom3’
T 12.2 8.2 0.94 0.81 12.2 8.3 1.20 0.92
Q 10.7 7.1 0.95 0.80 10.4 7.0 1.19 0.93

hom2”
T 11.4 8.0 0.65 0.57 14.6 11.3 1.08 0.76
Q 11.0 7.4 0.68 0.59 13.9 10.7 0.93 0.77

hom3b’
T 13.2 9.0 0.99 0.71 15.3 10.5 1.27 0.79
Q 11.4 7.6 0.99 0.68 12.7 8.6 1.23 0.80

het3b’
T 13.8 9.6 1.11 0.75 15.9 10.9 1.25 0.74
Q 12.0 8.1 1.11 0.74 13.7 9.2 1.22 0.79

hom3
T 13.7 9.5 1.00 0.86 12.8 8.8 1.20 0.94
Q 12.5 8.7 0.98 0.81 11.2 7.7 1.19 0.94

hom2”a
T 14.6 11.5 0.64 0.61 16.5 12.4 0.98 0.81
Q 12.1 9.5 0.64 0.59 14.1 10.1 1.00 0.85

hom3a
T 15.1 10.9 1.05 0.81 14.2 9.7 1.31 0.88
Q 13.8 9.6 1.09 0.80 12.3 8.4 1.28 0.92

hom4
T 12.3 9.7 0.95 0.96 12.6 10.1 1.03 0.95
Q 12.2 9.9 0.97 0.92 12.5 10.0 1.03 0.97
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Tab. S2.6: Experimental band positions in descending wavenumber order with the corresponding assigned struc-
tures. Bands labelled MH are hot bands of M which are discussed in more detail in Fig. S4.4. All
values are given in cm−1.

Structure 1 2 3 4

M
ED 3689 3636 - -
CD 3667 3628 - -

MH
ED 3699 3646 - -
CD - - - -

M’
ED 3656 3623 - -
CD 3628 3616 - -

het4
ED 3513 3475 3475 3444
CD 3493 3448 3448 3416

hom3’
ED 3670 3526 - 3405
CD 3644 3511 - 3427

hom2”
ED - - - -
CD - 3565 3511 3427

hom3b’
ED 3670 - 3559 3438
CD 3644 3591 3535 3448

hom3a
ED 3670 3559 - 3405
CD - - - -
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Tab. S2.7: Comparison of the electronic ∆Eel and ZPE-corrected relative energies ∆E0 of the 15 lowest trimer
structures of ED and CD for the def2-TZVP basis set as well as def2-QZVP for ED at the B3LYP-D3
level of approximation. Each trimer of CD is structurally related to the corresponding ED trimer.

trimer
CD ED

TZVP TZVP QZVP
∆Eel ∆E0 ∆Eel ∆E0 ∆Eel ∆E0

het6 0.0 0.0 0.0 0.0 0.0 0.0

het5’ 9.3 6.7 10.7 7.5 10.6 7.1

het6b 6.7 7.2 11.5 11.1 12.0 11.5

het5 9.5 7.2 11.7 8.9 12.0 8.9

het6ba 9.2 8.1 14.1 12.4 14.8 13.0

het6bb 9.2 8.3 14.1 12.2 14.9 13.1

het6a 9.1 8.4 17.2 15.0 18.6 17.4

hom6 9.2 8.6 11.4 10.1 12.4 10.8

hom5’ 10.6 9.1 16.5 14.3 16.5 14.1

hom6b 9.8 9.6 15.6 13.6 16.0 14.1

hom6ba 10.5 10.1 15.8 13.8 15.9 13.8

het6b 11.6 10.5 9.7 8.8 10.3 8.9

hom6bb 12.2 11.2 15.3 13.5 16.1 13.8

het5’a 11.7 11.56 18.0 16.8 18.6 17.4

hom5’a 13.1 11.5 19.4 16.5 19.9 17.8
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Tab. S2.8: Overview of experimental (ν̃M,M’) and harmonic computational (ω̃M,M’) results for the wavenumbers
of the monomer bands of CD from this work (a) and from the literature. The experimental downshifts
−∆ν̃ result from the formation of the intramolecular hydrogen bond or contact for M and M’. In
solution it is not possible to distinguish between the free (1) and bound (2) OH stretching modes of M
and those of M’. Therefore the table only lists them as bands of M for simplicity. The computational
data is unscaled. Jesus et al. originally scaled their computational data with ×0.948[10]. All values
are given in cm−1. CCl4 attenuates the free/bound splitting, CDCl3 enhances it, whereas all absolute
wavenumbers are reduced by solvent or matrix embedding. The PCM model[10] does not reproduce the
splitting attenuation and significantly underestimates the absolute wavenumber reduction by CCl4.

experimental method ν̃M,1 ν̃M,2 ν̃M’,1 ν̃M’,2 −∆ν̃M −∆ν̃M’

Raman/Jeta 3667 3628 3628 3616 39 12

FTIR/Matrix Ar[13] (peak average) 3654 3618 - - 36 -

IR/CCl4
[10] 3631 3598 - - 33 -

IR/CCl4
[14] 3634 3602 - - 32 -

IR/CCl4
[15] 3633 3601 - - 32 -

IR/CCl4
[16] 3632 3598 - - 34 -

FTIR/CCl4
[13] 3631 3598 - - 33 -

VCD,IR/CCl4
[17] 3632 3600 - - 32 -

FTIR/CDCl3
[13] 3609 3545 - - 64 -

IR/CS2
[16] 3615 3588 - - 27 -

computational method ωM,1 ωM,2 ωM’,1 ωM’,2 −∆ωM −∆ωM’

B3LYP-D3(BJ,abc)/def2-TZVPa 3808 3769 3771 3752 39 19
B3LYP-D3(BJ,abc)/def2-QZVPa 3832 3795 3797 3778 37 19

B3LYP/6-311++G**[10] 3842 3804 3807 3788 38 19

B3LYP/6-311++G**[10] (PCM) 3836 3796 3801 3783 40 18
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3 Energy Diagrams
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Fig. S3.1: Absolute values for the total deformation energy relative to the most stable monomer (M). The defor-
mation energies for ED are shown in orange, for CD in dark red and the difference of ED and CD in
red. It is evident that the increase of the deformation energy when switching from ED to CD is the
highest for the strained het4. This effect is also quite pronounced for hom3b’ which results from the
strongly distorted bifurcated donor monomer subunit. The difference between ED and CD relative to
het4 results in the values that were used for Fig. 5 of the paper for the other conformations.
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Fig. S3.2: Absolute values for the intermolecular dispersion based on the SAPT2+/aug-cc-pVDZ calculations.
The dispersion energies for ED are shown in orange, for CD in dark red and the difference between ED
and CD in red. The difference between ED and CD relative to the het4 case results in the dispersion
contributions of Fig. 5 in the paper for the other dimer conformations.
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Fig. S3.3: Analogous analysis as in Fig. 6 of the paper but with dispersion energies taken from D3(BJ,abc)
calculations. The intermolecular dispersion energies are crudely estimated by performing single point
calculations on the monomer subunits and taking the D3(BJ,abc) terms and comparing them to those
of the dimer. Qualitatively there are no significant changes in comparison to the SAPT2+ analysis.
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Fig. S3.4: Analogous analysis as in Fig. 6 of the paper but with dispersion energies taken from sSAPT0/jun-
cc-pVDZ calculations. Qualitatively there are no significant changes in comparison to the SAPT2+
analysis. The lower case s indicates that some special scaling was applied according to the standard
value of Psi4 1.2.1[18], with which the calculations were carried out. Furthermore density fitting was
used with all other parameters remaining unchanged with respect to their default settings. It should
be noted that the success of sSAPT0/jun-cc-pVDZ is entirely dependent on error compensation and
the chosen basis set was based on the recommendation of Parker et al.[19] which yielded the best error
compensation in their tests.
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Fig. S3.5: ZPV-corrected relative energies of the ED-dimers (left) and CD-dimers (right) at the B3LYP/def2-
TZVP (a) and B3LYP/def2-QZVP (b) level with (outer) and without D3(BJ,abc) dispersion correction
(inner column), distinguished between heterochiral (black) and homochiral (red) pairings. The energy
change of the dimers is highlighted by a dashed line in the corresponding colour. Only dimers relevant
to the interpretation of the spectra are shown. The stabilisation of all conformers when no dispersion
correction is used can be explained by the fact that het4 profits the most from dispersion interactions.
The hydrogen bonds are slightly longer which also predominately affects het4 due to the fact that four
hydrogen bonds are getting weaker. In case of ED all shifts are fairly equal which is in line with similar
dispersion interactions among the conformers. This is also mostly the case for CD with the exception of
hom2” and het2”, indicating that they themselves also are strongly affected by London forces resulting
in a less pronounced stabilisation.
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Fig. S3.7: ZPV-corrected relative energies of ED-dimers at the B3LYP/6-311+G(2d,p) (inner) and B3LYP-
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mochiral (right) pairings. The moderate shifts when switching between basis sets indicate that the
BSSE, due to the uniformly compact hydrogen bond networks, appears to be less impactful for the
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4 Additional Spectra
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Fig. S4.1: ED expansions in helium with similar cluster composition using the 3 different setups described in the
text and characterised in Tab. S2.1. The three dimer-scaled and overlaid bottom traces show that the
column density of the new popcorn (risotto) jet expansions has increased about 3-fold (2-fold). The
differences in noise in the corresponding unscaled upper traces can be largely attributed to differences in
scan number and resolution as well as spectrometer and acquisition mode. Note that the temperatures
chosen for the popcorn-jet spectra differ slightly from those in Fig. 2 to maximise the comparability
between the three experiments and the cluster composition.
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Fig. S4.2: As Fig. 7 in the main text, but for the B3LYP-D3(BJ,abc)/def2-TZVP level of computation.
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Fig. S4.3: Raman spectra of CD with increasing fractions of argon added to helium as a seeding gas. The spectra
are scaled to the non-overlapping M band. As one would expect the overlapping bands of M and M’
decrease to a lesser extent than the pure M’ band due to the stronger relaxation of the less stable M’
monomer when higher concentrations of argon are used. w indicates a band due to water impurities.
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Fig. S4.4: Raman spectra of ED under less favourable clustering conditions going from black to light grey. For the
grey spectra the tubing and nozzle temperature was increased and the stagnation pressure decreased.
The spectra are scaled to M. The black spectrum is also shown in Fig. 2 of the paper. The spectral
features labelled MH are most likely caused by hot transitions from the corresponding low lying torsional
OH-mode (ν̃tor(v)) to the OH-stretching mode (ν̃OH(v)) of M (ν̃OH(1) + ν̃tor(1) ← ν̃OH(0) + ν̃tor(1)).
The observed shifts are in good agreement with a VPT2 calculation at the B3LYP-D3(BJ)/def2-QZVP
level of computation performed with Gaussian 09 Rev.E01[20].
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Fig. S4.5: Comparison of the theoretically predicted harmonic frequency downshifts at the B3LYP-
D3(BJ,abc)/def2-QZVP level of computation with the anharmonic (i.e. experimental) downshifts of
ED. All downshifts are relative to the free OH stretching mode of M. The numbering of the bands
is analogous to Fig. 7 of the main text. One can see the systematic relative overestimation of the
downshift with increasing magnitude, a slight exception being the anticooperative bonding situation in
hom3′b. A linear fit (dashed line) through the origin to all data points has a slope of 1.14.
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Fig. S4.6: Comparison of the theoretically predicted harmonic frequency downshifts at the B3LYP-
D3(BJ,abc)/def2-QZVP level of computation with the anharmonic (i.e. experimental) downshifts of
CD. All downshifts are relative to the free OH mode of M. The numbering of the bands is analogous
to Fig. 7 of the main text. One can see the systematic relative overestimation of the downshift with
increasing magnitude. A linear fit (dashed line) through the origin to all data points has a slope of
1.15.
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Fig. S4.7: Additional spectra of ED measured with the popcorn-jet (new) at sample temperatures of 60 ◦C (371
scans), 70 ◦C (86 scans) and 80 ◦C (176 scans). All spectra are unscaled. The spectrum measured at
60 ◦C is identical to the one used in Fig. 6 of the paper. When moving towards 70 ◦C only broad
features arise. At even higher temperatures one very broad band dominates the right part of the
spectrum which is likely the result of higher oligomers.
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tramolecular Hydrogen Bonding: Impact of Basis Set and Electron Correlation on the Ab Initio Conforma-
tional Analysis of 1,2-Ethanediol and 1,2,3-Propanetriol”, J. Mol. Struct. THEOCHEM 1994, 314, 169–
190.

24

https://doi.org/10.1002/wcms.82
https://doi.org/10.1039/C0CP00788A
https://doi.org/10.1039/C0CP00788A
https://doi.org/10.1021/jp512686s
https://doi.org/10.1002/anie.201600603
https://doi.org/10.1021/ja055827d
https://doi.org/10.1016/0166-1280(94)03809-Y


[7] O. Guvench, A. D. MacKerell, “Quantum Mechanical Analysis of 1,2-Ethanediol Conformational Energetics
and Hydrogen Bonding”, J. Phys. Chem. A 2006, 110, 9934–9939.

[8] C. J. Cramer, D. G. Truhlar, “Quantum Chemical Conformational Analysis of 1,2-Ethanediol: Correlation
and Solvation Effects on the Tendency To Form Internal Hydrogen Bonds in the Gas Phase and in Aqueous
Solution”, J. Am. Chem. Soc. 1994, 116, 3892–3900.

[9] D. L. Howard, H. G. Kjaergaard, “Influence of Intramolecular Hydrogen Bond Strength on OH-Stretching
Overtones”, J. Phys. Chem. A 2006, 121, 10245–10250.

[10] A. J. L. Jesus, J. S. Redinha, “Self-Association of 1,2-Cyclohexanediols: A Spectroscopic and Computational
Study”, J. Mol. Struct. 2014, 1067, 104–111.

[11] J. S. Lomas, “1H NMR Spectra of Ethane-1,2-diol and other Vicinal Diols in Benzene: GIAO/DFT Shift
Calculations”, Magn. Reson. Chem. 2013, 51, 32–41.

[12] J. B. Klauda, S. L. Garrison, J. Jiang, G. Arora, S. I. Sandler, “HM-IE: Quantum Chemical Hybrid Methods
for Calculating Interaction Energies”, J. Phys. Chem. A 2004, 108, 107–112.

[13] J. F. Bacon, J. H. van der Maas, J. R. Dixon, W. O. George, P. S. McIntyre, “Structural Information from
OH Stretching Frequencies—Conformations of Cyclohexanol and Cyclohexandiols”, Spectrochim. Acta A
1989, 45, 1313–1318.

[14] L. P. Kuhn, “The Hydrogen Bond. I. Intra- and Intermolecular Hydrogen Bonds in Alcohols”, J. Am. Chem.
Soc. 1952, 74, 2492–2499.

[15] C. W. Davey, E. L. McGinnis, J. M. McKeown, G. D. Meakins, M. W. Pemberton, R. N. Young, “Hydroxy-
Steroids. Part XI. The Preparation and Infrared Spectra of Vicinal Cholestanediols”, J. Chem. Soc. C
1968, 2674–2682.

[16] F. A. J. Singelenberg, J. H. V. D. Maas, “Fourier Transform—Infrared Study of Hydrogen-Bonding between
an OH-Donor and a Vicinal Oxygen Acceptor”, J. Mol. Struct. 1990, 240, 213–223.

[17] K. Yamamoto, Y. Nakao, Y. Kyogoku, H. Sugeta, “Vibrational Circular Dichroism in Hydrogen Bond
Systems: Part III. Vibrational Circular Dichroism of the OH Stretching Vibrations of 1,2-Diols and β-
Methoxyalcohols”, J. Mol. Struct. 1991, 242, 75–86.

[18] R. M. Parrish, L. A. Burns, D. G. A. Smith, A. C. Simmonett, A. E. DePrince, E. G. Hohenstein, U. Bozkaya,
A. Y. Sokolov, R. Di Remigio, R. M. Richard, J. F. Gonthier, A. M. James, H. R. McAlexander, A. Kumar,
M. Saitow, X. Wang, B. P. Pritchard, P. Verma, H. F. Schaefer, K. Patkowski, R. A. King, E. F. Valeev,
F. A. Evangelista, J. M. Turney, T. D. Crawford, C. D. Sherrill, “Psi4 1.1: An Open-Source Electronic
Structure Program Emphasizing Automation, Advanced Libraries, and Interoperability”, J. Chem. Theory
Comput. 2017, 13, 3185–3197.

[19] T. M. Parker, L. A. Burns, R. M. Parrish, A. G. Ryno, C. D. Sherrill, “Levels of Symmetry Adapted
Perturbation Theory (SAPT). I. Efficiency and Performance for Interaction Energies”, J. Chem. Phys.
2014, 140, 094106.

[20] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V.
Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov,
J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida,
T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro,
M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K.
Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M.
Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O.
Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski,
G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, Ö. Farkas, J. B. Foresman, J. V.
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