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1 Experimental details of double detection setup

A scheme of the new double detection setup is shown in Fig. S1. The Raman scattered

light is collimated with a diameter of approx. 40 mm and exits the vacuum chamber from

the left. At a 45° angle a dichroic mirror is mounted that either reflects or transmits the

light, depending on its wavelength. In this work a shortpass mirror was used that transmits

light with a wavelength that corresponds to a Raman Stokes shift of <1600 cm−1, while

reflecting light >2050 cm−1. In order to cover the whole beam a rectangular filter of approx.

40 mm × 60 mm would be needed, but for economic reasons a filter with reduced size was

employed (25.2 mm × 35.6 mm).
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Fig. S1: Setup to separate the Raman scattering with a Stokes shift >2050 cm−1 (hydride
stretches) from that with a Stokes shift <1600 cm−1 (fingerprint region).

Behind the dichroic filter the transmitted beam of scattered light is focussed on the entrance

slit of a monochromator (1 m focal length), where a Stokes edge filter blocks off Rayleigh

scattered light. A CCD camera at the exit detects the photons. The lower detection unit

has a spectral window of 700 cm−1 and a resolution of 2 cm−1 when recording close to the

Rayleigh line. For measurements in the OH stretching region without a dichroic mirror the

spectral window reduces to 450 cm−1 and the resolution improves to 1.5 cm−1.

The reflected light goes up and is further reflected towards a smaller monochromator (0.5 m

focal length) that is mounted on top of the larger one. A focusing lens and a Raman edge

filter are installed as well. The upper detection unit has a spectral window of 2000 cm−1 and

a resolution of 5.5 cm−1. A list of optical components used in the detection setup is given in

Tab. S1.

The dichroic mirror reduced the signal intensity at the lower detection unit by only 7.5 %.

According to the manufacturer specification, the intensity drop should increase for wavelengths

close to the Rayleigh line at 532 nm. This effect was characterised by measuring two Raman

spectra of 2-methoxyethanol close to the Rayleigh line with and without the dichroic mirror,

the resulting spectra are shown in Fig. S2 together with the nominal filter transmission as
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Tab. S1: List of optical components used in the new double detection setup

Component Details
Light collection camera objective (Canon); f = 50 mm; aperture ratio

1.2
Mount system 60 mm optical cage system (Thorlabs)
Dichroic mirror shortpass model HC BS 591 SP (AHF Anlagen-

technik); 25.2 mm × 35.6 mm × 1.1 mm; transmis-
sion <1600 cm−1, reflection >2050 cm−1 (Stokes
shift) at 45°. Alternatively, a longpass mir-
ror is available: HC BS 624 (AHF Anlagen-
technik); 25.2 mm × 35.6 mm × 2 mm; transmission
>2900 cm−1, reflection <2450 cm−1 (Stokes shift).

Lower 1-m-MC McPherson Inc. Model 2501; 1 m focal length; aper-
ture ratio 8.7; ruled grating with 1200 grooves/mm

Focusing lens for 1-m-MC ACH 25 x 225 VIS 0 TS (Edmund Optics) achromatic
lens; d = 25 mm; f = 225 mm; aperture ratio 9

Detector on 1-m-MC Princeton Instruments PyLoN400B; back-illuminated
CCD with 1340 pixel × 400 pixel (pixel dimensions:
20 µm × 20 µm); cryo-cooled to −120 ◦C; quantum ef-
ficiency >95 % (600 nm)

Reflecting mirror for top part BBE2-E02 (Thorlabs) dielectric elliptically shaped
plane mirror; 50.8 mm × 71.8 mm

Upper 0.5-m-MC McPherson Inc. Model 205f; 0.5 m focal length; aper-
ture ratio 3.2; 600 grooves/mm

Focusing lens for 0.5-m-MC AC254-080-A-ML (Thorlabs) achromatic lens; d =
25.4 mm; f = 80 mm; aperture ratio 3.15

Detector on 0.5-m-MC Princeton Instruments Spec-10-400B; back-
illuminated CCD with 1340 pixel × 400 pixel
(pixel dimensions: 20 µm × 20 µm); cryo-cooled to
−120 ◦C; quantum efficiency >90 % ((500–700) nm)

reported by the manufacturer. In contrast to the expectation no wavelength dependent loss

of signal intensity is observed.
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Fig. S2: Two low-frequency Raman spectra of methoxyethanol under identical conditions, once
with and once without dichroic mirror installed, scaled to the signal at 361 cm−1. Additionally,
the transmittance of the dichroic mirror as specified by the manufacturer is shown. However,

no effect of the mirror on the Raman spectrum is visible.

2 Area of detection

When recording spectra with two detection units it is necessary to ensure that both units

are monitoring the same spot, i.e. they are receiving photons from a common region inside

the supersonic expansion. This was investigated by recording the unbinned spectrum of a

neon discharge lamp while a thin needle (width (0.40 ± 0.05) mm) being attached to the slit

nozzle was positioned in the optical path. The results are shown in Fig. S3.

For the 1 m monochromator a sharp shadow with a height of 1⁄4 of the total CCD chip height

(400 px, pixel dimensions 20 µm × 20 µm) can be seen. Therefore the 1 m monochromator

probes a region of (1.6 ± 0.2) mm height, which is significantly smaller than the slit nozzle
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Fig. S3: 3D heat maps of a Ne spectrum obtained from simultaneous detection. On the left,
the plain spectrum is shown. On the right, a small needle was attached to the slit nozzle and
was moved into the optical pathway. The top picture corresponds to the 0.5 m monochromator,

the bottom to the 1 m monochromator.

length (4 mm). Thereby it is ensured that always a small, homogenous central part of the

expansion is detected.

Because a shadow can be simultaneously observed on the 0.5 m monochromator, it is proved

that both monochromators are indeed capturing light from the same region in space. However,

the 0.5 m monochromator is not strictly imaging, the vertical information gets partially

scrambled, which can be seen by the blurred and sloped shadow. A rough estimate for the

shadow height yields a probing height of approx. 0.9 mm.
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3 Dependence of detection sensitivity on polarisation

The detection elements of the curry-jet, especially the CCD camera and the optical grating

of the monochromator, are not equally sensitive to horizontally and vertically polarised

light. This polarisation dependence is a function of the wavelength. In order to properly

compare calculated Raman cross sections to experimental intensities, this function has to be

determined.
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Fig. S4: Ratio of sensitivity for differently polarised light d⊥/dq for the 1 m monochromator
(model 2501) and fitted polynomial of 9th degree. Data points with large error bars are shown
more faintly due to their decreased weighting in the fit. The Raman shift ν̃ is calculated for a

laser wavelength of 532.27 nm.

In order to do so, spectral lines of an unpolarised light source (Ne discharge lamp, after

checking its unpolarised character) were recorded at (500–700) nm with a polarisation filter

(Thorlabs, LPVISE200-A, 50.8 mm, extinction coefficient 15000) being installed in front of

the entrance slit of the 1 m monochromator. In combination with the 532 nm excitation
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Tab. S2: Fitted coefficients of polynomial P (ν̃) = d⊥/dq = ∑9
i=0 ai(ν̃ − 2000 cm−1)i that

describes the ratio of detection sensitivity for orthogonal and parallel polarised
light

ai P (ν̃)
/cmi ai ∆ai
a0 1.7654 0.0034
a1 0
a2 0
a3 · 1010 2.6970 0.1432
a4 · 1013 0.4316 0.0622
a5 · 1016 −1.1285 0.0991
a6 · 1019 −0.1278 0.0267
a7 · 1022 0.1926 0.0236
a8 · 1026 0.1029 0.0274
a9 · 1030 −1.1527 0.1867

laser, the lines cover Stokes shifts up to 4625 cm−1 and anti-Stokes shifts up to 480 cm−1.

For perpendicular and parallel filter orientation w.r.t. the grating lines five measurements

each were recorded in an alternating fashion. First-order baseline correction was achieved by

subtracting the median of each individual spectrum, signals were integrated over ±7 px around

the peak maximum. For each set of five measurements the mean value and sample standard

deviation were determined, and from these mean values the ratio of sensitivity was calculated.

For all wavelengths the detection sensitivity for perpendicularly polarised light d⊥ was larger

than for parallel dq. The error of the ratio d⊥/dq was calculated by maximum error propagation

and was used as weighting factor for the fitting of a polynomial. Empirically it was found that

a polynomial of 9th degree gives a sufficient description. The zero point of the polynomial

was shifted to 2000 cm−1, the center of the range of interest. Furthermore it was found

that setting the first and second term to zero gives best interpolation results with smallest

uncertainties for the coefficients. The results are shown in Fig. S4 and Tab. S2. Coefficients

were rounded such that the shape of the polynomial was preserved. They are consistent

with older calibration data that had been obtained with a light bulb, a polarisation filter of

unknown quality (Hama Hoya 450/670) and a different CCD camera (Spec-10-400B).S1 For
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these measurements, the Raman edge filter was removed, however, it was observed that it

had no effect on the polarisation sensitivity.
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Fig. S5: Ratio of sensitivity for differently polarised light recorded with and without the
dichroic mirror in transmission mode, and the calibration curve from Fig. S4.

The influence of the dichroic beamsplitter on the sensitivity ratio was investigated as well,

the results are shown in Fig. S5. Only small changes can be observed. Because data obtained

with the double detection setup are to be interpreted only qualitatively, it is acceptable to

use the calibration curve from Tab. S2 for all calculated spectra. If a quantitative analysis of

signal intensities was to be made, a separate calibration curve would be required.

The ratio of sensitivity for the upper detection unit (monochromator length 0.5 m, dichroic

mirror installed, polarisation filter in front of entrance slit of monochromator) is shown in

Fig. S6. Compared to the lower detection unit the ratio of sensitivity is much closer to unity.
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Fig. S6: Ratio of sensitivity for differently polarised light for the upper (0.5 m) and lower (1 m)
monochromator.

4 Additional Raman spectra

The full spectrum of 2-methoxyethanol including the C H stretching region obtained with

the upper detection unit is provided in Fig. S7. Fig. S8 shows how the fully polarised part

is obtained experimentally. The full list of observed Raman signals together with their

assignment is given in Tab. S3.
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Fig. S7: Raman spectra of 2-methoxyethanol under different conditions. The main spectra
are scaled to equal monomer OH stretch signal at 3635 cm−1, in the top right inlet the
spectra are scaled to the integrated CH-stretch-region ((2650–3050) cm−1). Water signal is
marked by a *. Experimentally, assuming that average scattering cross sections in the CH
region are not significantly affected by dimerisation, these spectra give an average Raman OH
stretching visibility for cold dimers which is 3–4 times larger than for monomers. The harmonic
calculations predict a factor of about 5, which is reasonably consistent with experiment, given

the approximations involved in the calculation.
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Fig. S8: Exemplary Raman spectra that demonstrate how the fully polarised part is obtained.
Two Raman spectra of 2-methoxyethanol were recorded under identical conditions, once with
the incident laser polarisation at 90° to the scattering plane, once with 0°. The totally polarised
part is expected to be close to I(90°) − 7/6 · I(0°), but due to unequal sensitivity for differently
polarised light and collection of the light from a cone of different scattering angles the empirical
factor of 1.195 instead of 7/6 is used. The same factor is used for calculated Raman cross

sections.
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Tab. S3: Observed wavenumbers and assignments

Species wavenumber /cm−1 assignment dominant motion

gG’T

92 ν33 OMe torsion
137 ν32 skeletal
217 ν31 CH3 torsion
275 ν30 skeletal
361 ν29 skeletal
366 ν33 + ν30
377 ν28 OH torsion
545 ν27 skeletal

3635 ν1 OH stretch

gTT 425 ν28 skeletal accordion
3656 ν1 (and H2O) OH stretch

Dimers

< 150
161
180
227
368
498 OH torsion
520 OH torsion
535

3409 het-c OH stretch
3432 hom-c OH stretch

3490–3500 hom-r C2, hom-c’, het-c’ OH stretch
3524 het-r Ci OH stretch
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5 Keywords for calculations with Turbomole and Gaus-

sian

Structure optimisation, harmonic frequency analysis and Raman cross sections were calculated

with TurbomoleS2 on MARIJ-B3LYP-D3(BJ,abc)/def2-QZVPP levelS3–S8. The integration

grid m5, Grimme’s dispersion correction D3S9 with Becke-Johnson-dampingS10 and three-body

terms, resolution of the identity for the Coulomb part RI-JS11–S14 and multipole accelerated

resolution of the identity MARI-JS15 were used. Since Turbomole uses mean isotope masses

as default, these were changed to the mass of the main isotope: H 1.007 825 03 u, C 12 u, O

15.994 914 62 u. For all other parameters the default values were used. Preoptimisation was

done with the B97-3c functionalS16, for which the modified def2-mTZVP basis set, grid m5,

dispersion correction D3(BJ,abc) and RI-J were employed.

Raman cross sections σ(i) of normal mode i with wavenumber ν̃i were calculated for a

laser wavelength λlaser = 532.27 nm, vibrational temperature T = 100 K, taking into account

detection sensitivity for differently polarised light via the polynomial P (ν̃) (see Tab. S2) and

that the setup is counting photons.S1 Turbomole output contains derivatives of isotropic

and anisotropic polarisability α′ and γ′ in atomic units (a0
2me

−0.5), which are transferred to

Raman cross sections via Eq. 1 for orthogonal polarisation of incident laser radiation and via

Eq. 2 for parallel polarisation. The resulting Raman cross sections are typically in the order

of 10−35 m2 sr−1.

σ⊥(i) = 2π2hν̃laser

45c · (ν̃laser − ν̃i)3

ν̃i
(
1 − exp

(
− hcν̃i

kBT

)) ·
(

45α′2i + 4γ′2i + 3γ′2i
P (ν̃i)

)
(1)

σq(i) = 2π2hν̃laser

45c · (ν̃laser − ν̃i)3

ν̃i
(
1 − exp

(
− hcν̃i

kBT

)) ·
(

3γ′2i + 3γ′2i
P (ν̃i)

)
(2)
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Single point energies on CCSD(T)-F12 levelS17 were calculated with Turbomole using the

cc-pVTZ-F12 basis set, a SCF convergence threshold of 1 · 10−9Eh, frozen core orbitals and

resolution of the identity for both Coulomb and exchange part RI-JKS18. Explicit correlation

was included as (F12*) approximationS19 with ansatz 2 and r12model B. The corresponding

auxiliary basis sets cbas, cabs and jkbas were used. All other parameters were kept at their

default values.

Anharmonic VPT2 calculations were performed with Gaussian09S20 and Gaussian16S21 using

B3LYPS3–S8 and PBE0S3,S4,S22–S24 functionals and def2-TZVPP and def2-QZVPP basis sets.

The keyword input line for B3LYP/def2-QZVPP is identical for both program versions:

# b3lyp def2qzvpp Int=SuperFine SCF(Conver=10) empiricaldispersion=gd3bj

opt=(VeryTight,MaxCycles=300) freq=anharmonic

6 Calculated dimer energies

A list of all 23 dimers that were found by the automated structure search is given in Tab. S4.

Dimers that consist of different conformers and are bound in a concerted fashion are named

according to their structure: The hydrogen bond from the first conformer binds to the OH

group of the second, whereas the hydrogen bond from the second conformer binds to the

ether-O of the first one.
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Tab. S4: Relative dimer energies in kJ/mol on RIJK-CCSD(F12*)(T*)/cc-
pVTZ-F12//MARIJ-B3LYP-D3(BJ,abc)/def2-QZVPP level, without (Eel) and
with B3LYP ZPE included (EZPE). In parentheses, the results without CCSD(T)

correction are given

Conformer Eel EZPE
het-c 0 (0) 0 (0)
hom-r C2 2.8 (1.7) 1.4 (0.3)
het-r Ci 2.2 (1.9) 1.1 (0.8)
hom-c 2.5 (2.0) 1.5 (0.9)
het-r’ 2.9 (2.6) 1.9 (1.6)
hom-r’ C2 3.5 (3.0) 2.2 (1.8)
het-c’ 4.1 (3.5) 2.9 (2.3)
gG’T-g’GG r 4.8 (3.5) 4.6 (3.3)
hom-c’ 5.8 (5.0) 4.7 (3.9)
hom-c” 6.0 (5.7) 4.3 (4.1)
gG’T-gG’G r 6.5 (5.5) 5.9 (4.9)
gG’T-g’GG c 5.7 (5.1) 5.6 (5.0)
gG’T-gG’G’ c 6.4 (5.9) 6.4 (5.9)
gG’T-g’G’T r 7.1 (7.1) 5.9 (6.0)
gG’T-gG’G’ r 7.8 (7.2) 7.3 (6.6)
gG’G’-gG’T c 7.7 (7.0) 7.5 (6.8)
g’GG-gG’T c 8.0 (7.7) 7.6 (7.2)
gG’T-g’GG c 8.4 (7.5) 8.2 (7.3)
g’GG-gG’T c 10.0 (8.7) 9.2 (8.0)
gG’T-gG’G’ c 10.7 (9.6) 10.1 (9.0)
gG’T-gGG r 10.8 (10.2) 10.2 (9.5)
gG’G’-gG’T c 11.4 (10.8) 10.2 (9.6)
gG’T-gGG c 11.4 (10.3) 11.1 (10.0)

7 Figures of calculated monomer and dimer structures

Graphical representation of the observed and assigned monomer structures (gG’T and gTT)

as well as the ten most stable dimer structures that were found by the automated conformer

search, optimised on MARIJ-B3LYP-D3(BJ,abc)/def2-QZVPP level. Dimers that were

assigned experimentally are labeled in bold. For some PDF viewers (e.g. Adobe Reader),

interactive 3D graphics may be available, for others only a static screenshot is displayed. The

dimer descriptors Dxy correspond to the file names of .xyz files that are supplied in a separate

.tar.xz archive. These coordinate files may be used instead to obtain a spatial impression.
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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, either version 1.3
// of this license or (at your option) any later version.
// The latest version of this license is in
//   http://www.latex-project.org/lppl.txt
// and version 1.3 or later is part of all distributions of LaTeX
// version 2005/12/01 or later.
//
// 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();



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton1'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton2'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton3'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton4'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton5'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton6'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton7'){ocgs[i].state=false;}}




D07 het-c’ D08 gG’T+g’GG-r D09 hom-c’

D10 hom-c”

8 Lists of VPT2 results for gG’T

Results of anharmonic VPT2 calculations for gG’T with Gaussian09 and Gaussian16 are

provided. Fundamentals obtained with B3LYP are listed in Tab. S5, those obtained with
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton8'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton9'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton10'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton11'){ocgs[i].state=false;}}




PBE0 in Tab. S6. Overtones are given in Tab. S7. Combination modes obtained with B3LYP

are listed in Tab. S8, those obtained with PBE0 in Tab. S9.
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Tab. S5: Fundamentals calculated with G16 and G09 on B3LYP/def2-QZVPP and def2-TZVPP level.
Harmonic wavenumber νh, anharmonic wavenumber νah in cm−1, harmonic infrared intensity Ih, anhar-

monic infrared intensity Iah in km mol−1

Gaussian 16 Gaussian 09
QZ TZ QZ TZ

Mode νh νah Ih Iah νh νah Ih Iah νh νah Ih Iah νh νah Ih Iah
33 92 146 1 1 91 111 1 1 92 88 1 1 91 88 1 1
32 137 82 7 0 139 49 7 1 137 132 7 6 139 135 7 6
31 224 319 5 9 224 291 5 8 224 211 5 5 224 213 5 5
30 277 277 3 6 277 262 3 9 277 273 3 3 277 273 3 3
29 367 362 14 22 368 300 11 79 367 359 14 25 368 364 11 25
28 407 443 113 35 413 432 119 32 407 362 113 87 413 367 119 97
27 548 547 6 8 548 542 6 3 548 543 6 5 548 542 6 3
26 840 817 20 9 841 826 20 18 840 826 20 20 841 827 20 21
25 904 892 15 25 906 887 15 21 904 885 15 17 906 886 15 17
24 1023 1005 15 16 1024 1001 15 15 1023 1001 15 14 1024 1002 15 14
23 1076 1054 120 128 1078 1049 117 121 1076 1046 120 118 1078 1048 117 116
22 1123 1103 8 8 1124 1100 8 7 1123 1099 8 8 1124 1100 8 7
21 1150 1119 127 120 1152 1116 126 123 1150 1113 127 126 1152 1116 126 128
20 1184 1161 2 2 1183 1157 2 2 1184 1159 2 2 1183 1158 2 2
19 1197 1173 31 20 1197 1171 33 20 1197 1170 31 19 1197 1171 33 21
18 1254 1222 13 7 1254 1219 12 7 1254 1224 13 11 1254 1225 12 11
17 1271 1251 21 23 1270 1243 22 16 1271 1238 21 18 1270 1239 22 19
16 1378 1340 4 0 1379 1335 5 0 1378 1341 4 7 1379 1343 5 8
15 1403 1372 27 12 1403 1368 29 9 1403 1371 27 21 1403 1371 29 20
14 1434 1405 28 34 1435 1401 31 22 1434 1392 28 18 1435 1394 31 21
13 1478 1437 1 5 1478 1439 1 1 1478 1444 1 2 1478 1444 1 2
12 1490 1451 8 6 1489 1447 8 4 1490 1450 8 6 1489 1447 8 4
11 1498 1456 8 3 1499 1450 10 2 1498 1457 8 7 1499 1457 10 8
10 1500 1471 5 8 1501 1467 3 8 1500 1460 5 4 1501 1460 3 2
9 1515 1486 4 3 1516 1482 4 3 1515 1476 4 3 1516 1476 4 3
8 2962 2849 39 45 2966 2839 37 24 2962 2823 39 18 2966 2825 37 123
7 2978 2783 76 22 2981 2784 76 16 2978 2802 76 82 2981 2802 76 34
6 2987 2836 1 25 2990 2833 2 23 2987 2843 1 69 2990 2847 2 4
5 3007 2862 121 60 3010 2866 121 68 3007 2865 121 32 3010 2866 121 80
4 3020 2894 38 3 3023 2893 40 4 3020 2876 38 12 3023 2881 40 19
3 3082 2948 30 36 3085 2949 31 35 3082 2945 30 35 3085 2947 31 36
2 3113 2976 25 27 3116 2977 26 29 3113 2975 25 26 3116 2977 26 29
1 3804 3624 38 45 3806 3620 36 29 3804 3621 38 31 3806 3621 36 29
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Tab. S6: Fundamentals calculated with G16 and G09 on PBE0/def2-QZVPP and def2-TZVPP level.
Harmonic wavenumber νh, anharmonic wavenumber νah in cm−1, harmonic infrared intensity Ih, anhar-

monic infrared intensity Iah in km mol−1

Gaussian 16 Gaussian 09
QZ TZ QZ TZ

Mode νh νah Ih Iah νh νah Ih Iah νh νah Ih Iah νh νah Ih Iah
33 94 147 1 1 93 111 1 1 94 90 1 1 93 90 1 1
32 137 80 7 0 139 50 7 1 137 132 7 6 139 133 7 6
31 226 320 5 7 226 290 5 8 226 212 5 5 226 213 5 5
30 278 279 3 6 278 261 3 9 278 274 3 3 278 273 3 3
29 367 357 14 31 369 297 11 66 367 361 14 26 369 362 11 18
28 412 444 112 31 417 438 118 41 412 367 112 86 417 372 118 96
27 551 550 6 7 551 545 6 4 551 545 6 4 551 545 6 3
26 852 847 17 14 853 839 18 16 852 839 17 18 853 839 18 19
25 917 905 11 20 918 900 12 16 917 899 11 13 918 900 12 13
24 1046 1028 17 15 1047 1024 17 15 1046 1024 17 16 1047 1025 17 16
23 1103 1081 99 79 1104 1078 97 108 1103 1077 99 106 1104 1078 97 104
22 1135 1115 29 52 1135 1110 30 21 1135 1110 29 21 1135 1111 30 21
21 1182 1157 32 85 1182 1156 20 15 1182 1155 32 122 1182 1156 20 69
20 1187 1162 30 31 1187 1153 37 101 1187 1161 30 19 1187 1161 37 37
19 1209 1182 99 49 1210 1182 103 38 1209 1177 99 57 1210 1177 103 63
18 1261 1226 14 8 1261 1224 13 7 1261 1230 14 10 1261 1230 13 11
17 1272 1253 23 5 1272 1248 24 18 1272 1243 23 1 1272 1241 24 16
16 1378 1341 1 1 1379 1339 1 1 1378 1344 1 3 1379 1345 1 3
15 1398 1364 29 13 1399 1360 30 10 1398 1365 29 23 1399 1366 30 25
14 1438 1411 31 30 1439 1408 34 29 1438 1399 31 15 1439 1400 34 16
13 1471 1439 1 2 1472 1436 1 2 1471 1439 1 1 1472 1439 1 3
12 1483 1445 9 5 1482 1443 9 5 1483 1443 9 5 1482 1443 9 5
11 1490 1443 10 1 1492 1442 11 1 1490 1451 10 65 1492 1451 11 44
10 1493 1466 4 8 1494 1464 3 6 1493 1456 4 63 1494 1456 3 76
9 1510 1480 6 5 1511 1479 5 3 1510 1472 6 4 1511 1473 5 4
8 2979 2843 36 5 2982 2841 34 4 2979 2839 36 128 2982 2840 34 163
7 2993 2800 72 27 2996 2797 71 17 2993 2814 72 66 2996 2816 71 35
6 3004 2856 7 10 3006 2853 9 8 3004 2855 7 8 3006 2857 9 7
5 3026 2891 111 176 3029 2889 111 171 3026 2900 111 145 3029 2900 111 150
4 3044 2927 35 5 3047 2923 37 8 3044 2911 35 32 3047 2912 37 33
3 3102 2972 27 30 3105 2972 29 32 3102 2967 27 32 3105 2969 29 33
2 3135 3001 22 26 3138 3001 23 27 3135 2999 22 26 3138 3001 23 26
1 3855 3676 42 48 3857 3673 40 34 3855 3674 42 35 3857 3674 40 34
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Tab. S7: Overtones calculated with G16 and G09 using B3LYP/PBE0 and def2-
QZVPP/def2-TZVPP level. Harmonic wavenumber νh, anharmonic wavenumber
νah in cm−1, anharmonic infrared intensity Iah in km mol−1. Only listed if intensity
exceeds 1 km mol−1. Note that the differences between G09 and G16 for overtones
(and combination modes) can be much smaller than for the underlying fundamen-
tals in some cases, perhaps indicating unrealistic default settings for (1,1)-Darling-

Dennison thresholds as one possible cause of discrepancy to experiment.

Gaussian 16 Gaussian 09
B3LYP/QZ B3LYP/TZ B3LYP/QZ B3LYP/TZ

Mode νh νah Iah νh νah Iah νh νah Iah νh νah Iah
28 815 842 13 826 693 4 815 684 4 826 692 4
27 1096 1093 1 1097 1084 1 1096 1084 1 1097 1084 1
16 2756 2680 1 2759 2672 1 2756 2669 1 2759 2672 1
15 2806 2733 3 2806 2728 3 2806 2730 2 2806 2730 2
14 2867 2785 2 2870 2780 2 2867 2777 3 2870 2779 3
13 2956 2905 11 2956 2907 10 2956 2903 1 2956 2896 12
12 2981 2891 3 2977 2880 14 2981 2885 2 2977 2884 1
11 2997 2919 8 2998 2909 4 2997 2936 4 2998 2910 0
10 3001 2925 3 3001 2932 8 3001 2911 1 3001 2936 17
9 3031 2974 11 3032 2965 10 3031 2959 2 3032 2959 2
1 7609 7073 3 7612 7062 3 7609 7067 3 7612 7064 3

PBE0/QZ PBE0/TZ PBE0/QZ PBE0/TZ
28 824 815 6 835 702 4 824 692 4 835 703 5
27 1101 1098 1 1102 1089 1 1101 1089 1 1102 1089 1
16 2755 2684 1 2759 2679 1 2755 2675 1 2759 2678 1
15 2796 2722 2 2797 2717 2 2796 2717 1 2797 2718 1
14 2876 2789 2 2879 2786 2 2876 2782 2 2879 2785 2
13 2943 2902 3 2943 2898 2 2943 2906 1 2943 2908 2
12 2965 2888 15 2964 2885 15 2965 2876 12 2964 2875 8
11 2981 2909 15 2983 2907 5 2981 2889 5 2983 2890 3
10 2987 2925 1 2989 2925 3 2987 2914 3 2989 2921 9
9 3019 2960 28 3022 2957 25 3019 2955 14 3022 2957 12
1 7709 7178 2 7714 7171 3 7709 7175 2 7714 7173 3
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Tab. S8: Combination modes calculated with G16 and G09 on B3LYP/def2-QZVPP and def2-TZVPP
level. Harmonic wavenumber νh, anharmonic wavenumber νah in cm−1, anharmonic infrared intensity

Iah in km mol−1. Only listed if intensity exceeds 1 km mol−1

B3LYP/def2-QZVPP B3LYP/def2-TZVPP
G16 G09 G16 G09

Modes νh νah Iah νh νah Iah Modes νh νah Iah νh νah Iah
33 32 229 311 2 32 28 552 502 2 552 501 2
33 31 316 382 1 28 27 961 909 2 961 909 2
33 30 369 430 8 369 362 6 31 26 1066 1038 1 1066 1039 1
32 30 414 454 17 30 26 1119 1100 3 1119 1099 3
28 27 955 984 2 955 904 1 32 24 1163 1138 7 1163 1138 7
31 26 1064 1063 1 1064 1036 1 29 26 1209 1188 4 1209 1188 4
30 26 1118 1115 3 1118 1098 3 28 26 1254 1194 2 1254 1193 2
31 25 1129 1125 1 1129 1098 1 29 25 1273 1251 8
32 24 1160 1172 9 1160 1134 9 32 18 1393 1359 1 1393 1359 1
30 25 1182 1175 1 1182 1158 1 29 24 1392 1363 1 1392 1363 1
29 26 1207 1204 5 1207 1184 5 30 22 1401 1374 4 1401 1373 4
29 25 1271 1265 2 29 23 1446 1415 14
28 26 1247 1266 1 27 25 1454 1428 1 1454 1428 1
32 21 1287 1283 1 1287 1246 1 31 18 1479 1435 2
30 22 1400 1389 2 1400 1372 2 29 22 1492 1463 3 1492 1463 3
29 23 1442 1429 3 26 21 1993 1937 2 1993 1938 2
27 25 1452 1436 1 1452 1427 1 24 21 2176 2110 2 2176 2111 2
26 21 1990 1943 2 1990 1934 2 16 14 2814 2727 1 2814 2727 1
24 21 2173 2117 2 2173 2107 2 15 14 2838 2751 1 2838 2751 1
15 14 2837 2755 1 2837 2749 1 15 13 2881 2810 1 2881 2810 1
15 13 2881 2816 2 2881 2810 2 14 13 2913 2838 1 2913 2838 1
12 10 2991 2918 3 14 11 2934 2852 1 2934 2853 1
14 13 2912 2844 2 2912 2837 2 14 10 2936 2855 1 2936 2855 1
15 9 2919 2849 1 2919 2843 1 14 9 2951 2870 5 2951 2870 5
14 11 2932 2858 1 2932 2851 1 13 12 2966 2883 32 2966 2883 32
14 9 2949 2875 6 2949 2869 6 12 11 2987 2898 6 2987 2898 6
13 12 2968 2890 13 2968 2886 13 13 11 2977 2898 23 2977 2898 23
13 11 2977 2907 1 13 10 2978 2903 2
12 11 2989 2910 10 2989 2905 10 12 10 2989 2916 1
12 9 3006 2925 98 3006 2920 97 11 10 2999 2918 15 2999 2919 6
13 9 2994 2929 3 12 9 3005 2919 15 3005 2919 15
11 10 2999 2935 11 2999 2928 5 13 9 2994 2922 3
11 9 3014 2944 11 3014 2937 11 11 9 3015 2938 34 3015 2939 35
10 9 3016 2949 9 3016 2942 12 10 9 3017 2943 11 3017 2943 11
33 4 3112 3029 2 3112 2974 2 28 1 4219 3995 1 4219 3997 1
28 1 4212 4066 1 4212 3993 1
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Tab. S9: Combination modes calculated with G16 and G09 on PBE0/def2-QZVPP and
def2-TZVPP level. Harmonic wavenumber νh, anharmonic wavenumber νah in cm−1, an-
harmonic infrared intensity Iah in km mol−1. Only listed if intensity exceeds 1 km mol−1

PBE0/def2-QZVPP PBE0/def2-TZVPP
G16 G09 G16 G09

Modes νh νah Iah νh νah Iah Modes νh νah Iah νh νah Iah
33 32 231 312 1 33 30 371 365 5 371 365 5
33 31 320 381 1 32 28 557 503 2 557 503 2
32 31 364 399 4 364 344 3 28 27 968 916 2 968 917 2
33 30 372 432 2 372 364 2 30 26 1131 1112 2 1131 1112 2
32 30 415 456 14 32 24 1186 1161 5
32 28 549 608 1 549 497 1 33 23 1197 1168 2 1197 1167 2
28 27 963 982 2 963 911 1 29 26 1222 1200 13 1222 1201 13
30 26 1130 1130 2 1130 1112 2 31 24 1273 1239 1 1273 1239 1
32 24 1183 1195 16 1183 1155 12 32 22 1275 1244 2 1275 1244 2
29 26 1219 1218 15 1219 1200 15 33 21 1276 1247 3 1276 1247 3
33 23 1196 1224 2 1196 1166 2 33 20 1280 1249 2 1280 1248 2
31 24 1272 1263 27 1272 1238 27 29 25 1287 1263 2 1287 1263 2
28 26 1264 1274 5 1264 1205 5 32 18 1400 1365 4
29 25 1285 1280 3 1285 1262 3 27 26 1404 1383 2 1404 1384 2
33 21 1276 1300 5 1276 1246 4 29 24 1415 1386 2 1415 1386 2
33 20 1280 1302 2 1280 1249 2 31 19 1437 1392 7 1437 1392 7
27 26 1403 1392 2 1403 1383 2 30 21 1460 1428 1 1460 1428 1
29 24 1413 1404 2 1413 1385 2 29 23 1472 1441 7 1472 1441 7
31 19 1435 1414 6 1435 1391 6 27 25 1469 1443 4 1469 1443 4
27 25 1468 1451 3 1468 1442 3 31 18 1487 1445 2 1487 1445 2
29 23 1470 1459 3 1470 1439 3 30 19 1488 1448 1 1488 1448 1
30 19 1486 1464 1 33 15 1492 1454 8 1492 1454 8
31 18 1487 1467 3 1487 1444 3 26 19 2063 2013 2 2063 2013 2
33 15 1492 1507 4 1492 1454 4 16 14 2819 2732 1 2819 2732 1
28 23 1515 1517 1 1515 1447 1 14 9 2950 2870 1 2950 2870 1
26 19 2061 2019 2 2061 2011 2 13 12 2954 2877 2 2954 2877 2
16 14 2816 2737 1 2816 2729 1 13 11 2963 2890 2
14 13 2909 2841 1 2909 2835 1 12 11 2974 2891 2 2974 2891 2
14 9 2947 2873 1 2947 2867 1 12 10 2976 2896 3 2976 2896 3
13 12 2954 2882 2 2954 2878 2 12 9 2993 2912 41 2993 2912 41
13 11 2962 2894 2 13 9 2983 2914 4
12 11 2973 2895 2 2973 2891 2 11 10 2986 2919 18 2986 2914 9
12 10 2976 2899 4 2976 2895 4 11 9 3002 2926 5 3002 2939 3
13 10 2965 2895 1 10 9 3005 2939 8
12 9 2992 2918 3 28 1 4274 4054 1 4274 4057 1
11 10 2984 2918 8 2984 2916 10
13 9 2981 2922 24
11 9 3000 2928 4 3000 2923 2
10 9 3003 2943 6
28 1 4267 4114 1 4267 4052 1
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