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1) Supporting figures and text 
 

 

Figure S1. The simulation model: a single terpy molecule on Cu(111) in a (6x6) super-cell (here showing 
the most stable physisorption geometry with terpy in the trans-trans conformation). 
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Figure S2. Middle panels: optimized chemisorption geometry for cis-cis terpy with two N-Cu bonds 
formed. Left and right panels: two very different initial geometries that relax to the same final geometry 

shown in the middle panels. The Cu atoms bonding to N are lifted up by 0.3 Å; the Cu atoms nearest to H 
are lowered by 0.09 Å due to the H-Cu surface repulsion. 

 
 

 

Figure S3. Double H dissociative adsorption of terpy on Cu(111), showing Cu-N, Cu-C and Cu-H bond 
lengths in Å. 
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Figure S4. Another relaxed chemisorption geometry with only one N-Cu bond, obtained from three 
initial geometries with the different rings rotated by 40° from the cis-cis coplanar geometry (see text for 

details of the three initial geometries). 
 



In order to obtain the energetically most favorable configurations discussed above, we have considered 
many adsorption geometries. For non-parallel adsorption, we also considered adsorption configurations 
with the outer rings rotated by 40° and 120° from the cis-cis coplanar geometry. After relaxation, initial 
adsorption geometries with the 120° rotation become the trans-trans parallel adsorption geometry. For the 
40° rotation geometries, after relaxation, three different initial structures lead to the same final adsorption 
geometry in which one N atom bonds to the Cu surface (Figure S4). The three initial geometries are, 
starting from the cis-cis coplanar geometry: the two outer rings rotated by 40° and -40°, resp.; the two 
outer rings rotated by 40° and 40°, resp.; and all the three rings rotated by 40° (a negative angle means 
rotation away from the Cu surface). 
 
 

2) Computational Method   
 

In the current study, using total-energy calculations (with and without Van der Waals corrections) we 
illustrate such competition between chemisorption and physisorption for the adsorption of the terpy 
molecule on a Cu(111) surface. Most of our calculations are performed using the Vienna ab initio 
simulation package (VASP) 1 with the PBE density functional 2. For the correction to the adsorption 
energies with Van der Waals (VdW) interactions, the VdW density functional (VdW-DF) 3,4 as 
implemented in the grid-based real-space code GPAW 5 is adopted. Both VASP and GPAW are 
implementations of the projector augmented wave (PAW) method of Blöchl 6,7, which is an all-electron 
full-potential method within the frozen core approximation. The simulation model contains a single terpy 
on Cu(111) in a (6x6) supercell, as shown in Figure S1 8. The nearest H-H distance between periodic 
repeats of terpy molecules is larger than 5 Å, so there is practically no inter-molecular interaction. We use 
four Cu layers to simulate the Cu(111) surface, which has been proved sufficient for our study 9-11. For all 
possible adsorption geometries, the whole molecule and the top two Cu layers are relaxed via a conjugate 
gradient optimization procedure until the maximum force on all the atoms is smaller than 0.04 eV/Å. 
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3) Relaxed Coordinates: coordinates and supercell for chemisorption 
 
SuperCell: Cu(111) p(6x6), slab model with VASP; Coordinates are given in Angstrom units 
 
    15.3358799999999995    0.0000000000000000    0.0000000000000000 
    -7.6679399999999998   13.2812616699999992    0.0000000000000000 
     0.0000000000000000    0.0000000000000000   22.0000000000000000 
 
 
Coordinates (173 atoms, one terpy molecule on four Cu layers): 
 
C       2.509261215000000      4.378888159000000     13.681779107000001 
C       3.902782126000000      4.382093306000000     13.637211077000000 
C       4.567613098000000      5.609979383000000     13.491460310000001 
C       2.572406406000000      6.776638478000000     13.492275960000001 
C       1.828388312000000      5.595321643000000     13.638223345000000 
C       1.948287106000000      8.116009420999999     13.647986088000000 
C       6.041401328000000      5.722395464000000     13.644358532000000 
C       6.627279821000000      5.153371339000000     14.783368407999999 
C       7.959464152000000      5.421333747000000     15.091651361000000 
C       8.672845204000000      6.274062920000000     14.253671442000000 
C       8.040708070999999      6.769059575000000     13.116649410999999 
C       1.868893771000000     10.369266535000000     13.113759550999999 
C       1.145104907000000     10.680781334000001     14.260852094000001 
C       0.765154595000000      9.643165399000001     15.108167554000000 
C       1.181336051000000      8.350158222999999     14.797134253999999 
N       6.760200436000000      6.485018386000000     12.777583286000000 
N       2.246454806000000      9.113543766999999     12.773849145000000 
N       3.916686302000000      6.786512287000000     13.380694174000000 
H       4.469705995000000      3.449991758000000     13.693198560000001 
H       0.737780439000000      5.632931568000000     13.696282571999999 
H       8.420128157000001      4.995458873000000     15.988052839000000 
H       9.708668851000001      6.555454169000000     14.456462701000000 
H       8.577244178000001      7.437352217000000     12.430120360000000 
H       2.174453240000000     11.162618043000000     12.418530582000001 
H       0.884689524000000     11.722141561000001     14.464214653000001 
H       0.181613226000000      9.838338634999999     16.013360499000001 
H       1.958715086000000      3.437696312000000     13.751396658999999 
H       6.011339558000000      4.546355064000000     15.449908855000000 
H       0.963516147000000      7.517248104000000     15.468453970000001 
Cu      8.986755930999999      6.635346150000000     10.239439595000000 
Cu      8.950692280000000      2.213662091000000     10.341748282999999 
Cu      7.683091628000000      8.888700355999999     10.266728356000000 
Cu      7.683135495000000      4.408108360000000     10.276567397000001 
Cu      7.661899768000000      0.018402709000000     10.336377003999999 
Cu      6.388451145000000      6.641757190000000     10.647255272000001 
Cu      6.389257458000000      2.209743015000000     10.328156397000001 
Cu     -6.380392038000000     11.080373330000000     10.343098937000001 
Cu      6.401919278000000     11.090139711999999     10.325066811999999 
Cu     -5.098010598000000      8.866846987000001     10.308129591000000 
Cu      5.127867860000000      8.876933347000000     10.284967275000000 
Cu      5.103763265000000      4.406347950000000     10.278101194000000 
Cu      5.111031171000000      0.004568962000000     10.343883804000001 
Cu      3.832091360000000      6.636030966000000     10.265470300000000 
Cu     -3.817615066000000      6.645240636000000     10.335652876999999 
Cu      3.832432085000000      2.203794232000000     10.331580475000001 
Cu     -3.830991919000000     11.074177650999999     10.343884059000001 
Cu      3.851945885000000     11.105192632000000     10.263619592000000 
Cu      2.560263110000000      8.856660363000000     10.643611066000000 
Cu     -2.559042551000000      8.860517795000000     10.343818184000000 
Cu      2.544025527000000      4.413518331000000     10.282388958000000 



Cu     -2.552897728000000      4.430105428000000     10.342038581000001 
Cu      2.559435680000000      0.002859412000000     10.341869831000000 
Cu      1.257347869000000      6.629194364000000     10.275118474999999 
Cu     -1.283199807000000      6.640103251000000     10.330938232999999 
Cu      1.276210040000000      2.211450750000000     10.334952014000001 
Cu     -1.275884342000000      2.218693724000000     10.342839723000001 
Cu      1.259371925000000     11.108327878000001     10.237297293999999 
Cu     -1.286593349000000     11.079549347000000     10.321597791000000 
Cu     12.789551766000001      0.017654634000000     10.343418700000001 
Cu     11.507118547999999      2.220655556000000     10.341712618000001 
Cu     10.238214094000000      4.423333175000000     10.326934742000001 
Cu     10.228269913000000      0.022856848000000     10.312917855000000 
Cu     -0.023418501000000      8.853387363000000     10.276568656000000 
Cu     -0.009021889000000      4.421191387000000     10.333421366000000 
Cu      0.005331113000000      0.008976251000000     10.344643223000000 
Cu      8.954353383000001      9.600273288000000      8.162881575000000 
Cu      8.954025722000001      5.159840999000000      8.158783934000001 
Cu      8.941976458999999      0.741929292000000      8.171377290000001 
Cu      7.658208098000000      7.374777420000000      8.198825754000000 
Cu      7.666883130000000      2.946237985000000      8.166927134000000 
Cu      7.676192639000000     11.811765345000000      8.175215774000000 
Cu      6.387666273000000      9.606658559000000      8.160651426999999 
Cu      6.393504692000000      5.185265068000000      8.205067973000000 
Cu      6.386870868000000      0.737644668000000      8.171989183999999 
Cu      5.136325839000000      7.374180463000000      8.208240747000000 
Cu      5.113593035000000      2.946694666000000      8.166550239999999 
Cu     -5.109157729000000     11.809091826000000      8.179768005000000 
Cu      5.122299520000000     11.816075442000001      8.163027905000000 
Cu      3.816537483000000      9.585303669000000      8.206368865000000 
Cu     -3.825867057000000      9.602246337000000      8.170685937000000 
Cu      3.832153889000000      5.165599535000000      8.159567612000000 
Cu      3.834689449000000      0.736306068000000      8.176074690000000 
Cu      2.554663078000000      7.401672422000000      8.201447827000001 
Cu     -2.553571046000000      7.384400502000000      8.174415868000001 
Cu      2.556882960000000      2.942319530000000      8.166819242000001 
Cu      2.559480002000000     11.815305606000001      8.154808494999999 
Cu     -2.562805103000000     11.813147326999999      8.174368253999999 
Cu     14.062702029000000      0.742593878000000      8.178860238000000 
Cu      1.291468279000000      9.586043064000000      8.197192337000001 
Cu     -1.280579054000000      9.600035793000000      8.167642258000001 
Cu      1.274569124000000      5.161634613000000      8.161144930000001 
Cu     -1.278982173000000      5.164112992000000      8.175734562000001 
Cu      1.279067207000000      0.736411474000000      8.178085091000000 
Cu     12.780587193000001      2.954041334000000      8.180216501000000 
Cu     11.510055822000000      5.166999299000000      8.174862594000000 
Cu     11.509474609000000      0.744323458000000      8.173354214000000 
Cu     10.235220838000000      7.387433437000000      8.157438644999999 
Cu     10.228292801000000      2.947854439000000      8.175635842000000 
Cu     -0.006359323000000      7.376841389000000      8.161335503000000 
Cu      0.000086572000000      2.949666074000000      8.174530517000001 
Cu     -0.009638507000000     11.813185300000001      8.158271092000000 
Cu      8.945926000000000      8.116323000000000      6.086104000000000 
Cu      8.945926000000000      3.689238000000000      6.086104000000000 
Cu      7.667937000000000      5.902780000000000      6.086104000000000 
Cu      7.667937000000000      1.475695000000000      6.086104000000000 
Cu      7.667937000000000     10.329866000000001      6.086104000000000 
Cu      6.389947000000000      8.116323000000000      6.086104000000000 
Cu      6.389947000000000      3.689238000000000      6.086104000000000 
Cu     -6.389947000000000     12.543407999999999      6.086104000000000 
Cu      6.389947000000000     12.543407999999999      6.086104000000000 
Cu      5.111958000000000      5.902780000000000      6.086104000000000 
Cu      5.111958000000000      1.475695000000000      6.086104000000000 



Cu     -5.111958000000000     10.329866000000001      6.086104000000000 
Cu      5.111958000000000     10.329866000000001      6.086104000000000 
Cu      3.833968000000000      8.116323000000000      6.086104000000000 
Cu     -3.833968000000000      8.116323000000000      6.086104000000000 
Cu      3.833968000000000      3.689238000000000      6.086104000000000 
Cu     -3.833968000000000     12.543407999999999      6.086104000000000 
Cu      3.833968000000000     12.543407999999999      6.086104000000000 
Cu      2.555979000000000      5.902780000000000      6.086104000000000 
Cu     -2.555979000000000      5.902780000000000      6.086104000000000 
Cu      2.555979000000000      1.475695000000000      6.086104000000000 
Cu      2.555979000000000     10.329866000000001      6.086104000000000 
Cu     -2.555979000000000     10.329866000000001      6.086104000000000 
Cu      1.277989000000000      8.116323000000000      6.086104000000000 
Cu     -1.277989000000000      8.116323000000000      6.086104000000000 
Cu      1.277989000000000      3.689238000000000      6.086104000000000 
Cu     -1.277989000000000      3.689238000000000      6.086104000000000 
Cu      1.277989000000000     12.543407999999999      6.086104000000000 
Cu     -1.277989000000000     12.543407999999999      6.086104000000000 
Cu     12.779894000000001      1.475695000000000      6.086104000000000 
Cu     11.501905000000001      3.689238000000000      6.086104000000000 
Cu     10.223915999999999      5.902780000000000      6.086104000000000 
Cu     10.223915999999999      1.475695000000000      6.086104000000000 
Cu     -0.000000000000000      5.902780000000000      6.086104000000000 
Cu     -0.000000000000000      1.475695000000000      6.086104000000000 
Cu      0.000000000000000     10.329866000000001      6.086104000000000 
Cu      8.945926000000000      6.640628000000000      3.999156000000000 
Cu      8.945926000000000      2.213543000000000      3.999156000000000 
Cu      7.667937000000000      8.854170999999999      3.999156000000000 
Cu      7.667937000000000      4.427085000000000      3.999156000000000 
Cu      7.667937000000000      0.000000000000000      3.999156000000000 
Cu      6.389947000000000      6.640628000000000      3.999156000000000 
Cu      6.389947000000000      2.213543000000000      3.999156000000000 
Cu     -6.389947000000000     11.067712999999999      3.999156000000000 
Cu      6.389947000000000     11.067712999999999      3.999156000000000 
Cu     -5.111958000000000      8.854170999999999      3.999156000000000 
Cu      5.111958000000000      8.854170999999999      3.999156000000000 
Cu      5.111958000000000      4.427085000000000      3.999156000000000 
Cu      5.111958000000000      0.000000000000000      3.999156000000000 
Cu      3.833968000000000      6.640628000000000      3.999156000000000 
Cu     -3.833968000000000      6.640628000000000      3.999156000000000 
Cu      3.833968000000000      2.213543000000000      3.999156000000000 
Cu     -3.833968000000000     11.067712999999999      3.999156000000000 
Cu      3.833968000000000     11.067712999999999      3.999156000000000 
Cu      2.555979000000000      8.854170999999999      3.999156000000000 
Cu     -2.555979000000000      8.854170999999999      3.999156000000000 
Cu      2.555979000000000      4.427085000000000      3.999156000000000 
Cu     12.779901000000001      4.427085000000000      3.999156000000000 
Cu      2.555979000000000      0.000000000000000      3.999156000000000 
Cu      1.277989000000000      6.640628000000000      3.999156000000000 
Cu     -1.277989000000000      6.640628000000000      3.999156000000000 
Cu      1.277989000000000      2.213543000000000      3.999156000000000 
Cu     -1.277989000000000      2.213543000000000      3.999156000000000 
Cu      1.277989000000000     11.067712999999999      3.999156000000000 
Cu     -1.277989000000000     11.067712999999999      3.999156000000000 
Cu     12.779894000000001      0.000000000000000      3.999156000000000 
Cu     11.501905000000001      2.213543000000000      3.999156000000000 
Cu     10.223915999999999      4.427085000000000      3.999156000000000 
Cu     10.223915999999999      0.000000000000000      3.999156000000000 
Cu      0.000000000000000      8.854170999999999      3.999156000000000 
Cu      0.000000000000000      4.427085000000000      3.999156000000000 
Cu      0.000000000000000      0.000000000000000      3.999156000000000 
 


