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Experimental 

Materials 

Tin(II) chloride (SnCl2, reagent grade, 98%), oleylamine (OLA, >98%), thiourea 

(reagent grade, 98%) were purchased from Sigma-Aldrich and used without further 

purification. Hydrochloric acid (32%), sulfuric acid (95%), methanol (99.8%) and 

chloroform (99.9%) were purchased from Bio-Lab and used without further 

purification. 

Oleyammonium chloride (OACl) synthesis  

OACl was prepared by titrating hydrochloric acid over sulfuric acid while the 

evolved HCl gas was dried and bubbled into oleylamine. This process was stopped 

until bubbles started evolving from the oleylamine, indicating complete reaction with 

HCl.  

SnS synthesis  

56.8 mg of SnCl2 and 5.5 ml of oleylamine were placed in a 3-necked flask in a 

glove-box and transferred to the Schleck-line. 22.83 mg of thiourea were dissolved in 

3 ml of oleylamine and placed in a 1-necked flask in a glove-box and transferred to 

the Schleck-line. Glove-box was used in order to prevent moisture to react with the 
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precursors. The Sn-precursor was heated to 180
0
C for 1 hr, until the SnCl2 completely 

dissolved. Meanwhile the S precursor was heated to 170
0
C for 1 hr and injected to the 

Sn precursor. Instantaneous color change to deep-brown indicated the occurrence of 

the reaction. OACl was added systematically to the synthesis by weighing specific 

amounts of OACl and subtracting the same number of moles of oleylamine. OACL 

was added to the Sn-precursor flask while handled in a glovebox. This ensured that 

the concentration of all other precursors remained the same while simultaneously 

increasing the ratio of OACl to oleylamine.   

 

 

Figure S1.  TEM micrographs taken from sample prepared with 100% OACl in the Sn 

precursor flask. Upper row: large amorphous substance. Lower row: nano-crystalline 

material. 

 

 



Methods 

Experimental 

Conventional TEM was carried out using a Tecnai G2 TEM operating at 120 kV. 

TEM and SEM samples were prepared by solvent evaporation from chloroform 

suspensions onto Cu lacey TEM grids. Topography images were taken using an FEI 

Verios 460L high resolution SEM. Accelerating voltages ranged from 3kV to 10kV 

and currents of 25pA to 50pA were used. Powder X-ray diffraction was performed on 

a Panalytical Empyrean powder diffractometer equipped with a position sensitive 

X'Celerator detector using Cu Kα radiation (1.5418Å). 

 

Computational  

To calculate the effect of adsorption of ligand molecules on the surface energies in 

the π phase, we have considered the commonly observed (100) surface (see 

Experimental Results below and Ref.1). Our calculations consisted of structural 

relaxation of a supercell containing a thin film with a defined surface. For the (100) 

surface of the π-phase, a 128-atom unit-cell, was constructed from two 64 atom 

primitive π phase unit-cells, contiguous in the (100) direction of the crystal lattice and 

followed by a vacuum layer with a thickness equivalent to 6 atomic layers exposing 

two (100) surfaces. For comparison we considered the dominant, lowest energy 

surface of the orthorhombic phase of SnS: (010) (where b lattice parameter is larger 

than a and c parameters) the most common plane presented in experimentally grown 

nanocrystalline platelets. The (010) surface of the orthorhombic phase was 

represented by a supercell consisting of 16 (2x2×4) orthorhombic unit-cells, 

superposed along the long unit-cell axis b which add up to 8 atomic layers (4 layers in 

each unit-cell) and an additional vacuum layer with a width of 6 atomic layers. These 



unit-cells were previously employed to calculate the pristine surface energies.
1
 See 

Figures S3 and S4 that illustrate the cubic and orthorhombic SnS supercells (128 

atoms) with one ligand of ammonium chloride (NH4Cl, 6 atoms) adsorbed on the 

surface. 

Density functional theory calculations were performed with Quantum Espresso
2
 and 

employed k-point sampling meshes of up to 3x3x1 for the cubic (100) surfaces 

supercell and for the orthorhombic phase surfaces. Ultrasoft pseudopotentials, 

including the d-electrons for Sn, were obtained from the GBRV pseudopotential 

database.
3
 A 40 Ry energy cutoff was employed in the planewave expansion of the 

wave functions, and a 200 Ry cutoff, for the density. Atomic structure was determined 

by allowing relaxation of the system until forces were less than 10
−3

 Ry Bohr
−1

. 

Exchange-correlation was represented in the generalized gradient approximation 

(GGA) by the PBE functional
4
, following our earlier studies 

1, 5-7
 a choice motivated 

by the study of IV-VI semiconductors by Albanesi et al.
8
, indicating a good 

description for this family of semiconducting materials even compared to more 

computationally demanding hybrid functionals such as HSE. 
7, 9

 

The surface energy 𝜎𝑃𝑟𝑖𝑠𝑡𝑖𝑛𝑒 is calculated as in our former study
1
 as an average 

between the two exposed surfaces (top and bottom), thus the energy difference is 

divided by twice the surface area: 

(1)   𝜎𝑃𝑟𝑖𝑠𝑡𝑖𝑛𝑒 =  
𝐸𝑆𝑙𝑎𝑏

𝑁 − 𝑁 ∙ 𝜀𝑏𝑢𝑙𝑘

2 ⋅ 𝐴
 

The surface energy with the adsorbed ligands was calculated from the relation:  

 (2)      𝜎𝑠𝑢𝑟𝑓𝑎𝑐𝑒
𝐿𝑖𝑔

=
𝐸𝑆𝑙𝑎𝑏

𝑁+𝐿𝑖𝑔
− 𝑁 ∙ 𝜀𝑏𝑢𝑙𝑘 − 𝐸𝐿𝑖𝑔

𝐹𝑜𝑟𝑚

𝐴
− 𝜎𝑃𝑟𝑖𝑠𝑡𝑖𝑛𝑒  

where 𝐸𝑆𝑙𝑎𝑏
𝑁+𝐿𝑖𝑔

 is the total energy of the N atom supercell with the adsorbed 

ligand(s), 𝐸𝑆𝑙𝑎𝑏
𝑁  is the total energy of the supercell without ligands, εbulk is the total 



energy per atom of the bulk, and A is the area of one surface in the supercell, 𝐸𝐿𝑖𝑔
𝐹𝑜𝑟𝑚 is 

the ligand molecule formation energy which is calculated as the total energy of the 

molecule in a large supercell.. As all of the configurations of surfaces adsorbed with 

ligands includes only one surface adsorbed with ligands and the other pristine, in 

equation 2 we subtract the pristine surface energy from twice the size of the average 

surface energy as it is calculated in equation 1. Thus, we remain with the surface 

energy of only the surface adsorbed with ligands.  

In the calculation of the adsorption energy for each of the ligands we employed the 

formula in equation 3. 

(3)      𝐸𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
𝐿𝑖𝑔

= 𝐸𝑆𝑙𝑎𝑏
𝑁+𝐿𝑖𝑔

− 𝐸𝑆𝑙𝑎𝑏
𝑁 − 𝐸𝐿𝑖𝑔

𝐹𝑜𝑟𝑚 

where 𝐸𝑆𝑙𝑎𝑏
𝑁+𝐿𝑖𝑔

 is defined as in equation 2, 𝐸𝑆𝑙𝑎𝑏
𝑁  is the total energy of the pristine 

surface slab of the N atoms supercell and 𝐸𝐿𝑖𝑔
𝐹𝑜𝑟𝑚 is defined as in equation 2. 
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Figure S2: Total DOS per unit-cell of the 100 surface of π SnS with adsorbed 

ammonium chloride (AC) and methyl ammonium chloride (MAC). 

 

 

Figure S3: Supercell of the (100) surface of π SnS with an ammonium chloride ligand 

adsorbed on the surface. The atomic positions were optimized after a relaxation 

calculation (DFT-PBE) allowing all atoms to move inside the fixed supercell.   

Atoms legend 

Purple – Sn (64) 

Red – S (64) 

Green- Cl (1) 

White – H (4) 

Silver – N (1) 

Total #atoms: 134 



 

Figure S4: Supercell of the (010) surface of orthorhombic SnS with an ammonium 

chloride ligand adsorbed on the surface. The atomic positions were optimized after a 

relaxation calculation (DFT-PBE) allowing all atoms to move inside the fixed 

supercell.   

Atomic position CUB SnS (100) surface (128 atoms): 

a_lat= 22.439178 a.u. 

b_lat= 22.439178 a.u.  

c_lat= 78.537123 a.u. 

ATOMIC_POSITIONS (a_lat) 

S       -0.040503306  -0.030890585  -0.032958767 
S        0.040366633   0.465365358   0.537281823 

S        0.463602514   0.529147714   0.054150269 

S        0.532625833   0.039987217   0.462820625 

S        0.042183775   0.759147758   0.201560966 

S        0.448323332   0.239947604   0.704571363 

S       -0.047405804   0.262213417   0.302988234 

S        0.549366904   0.741032413   0.801310805 

S        0.197048930   0.049071734   0.760037847 

S        0.703546465   0.446453305   0.243663974 

S        0.300067403  -0.043274661   0.257468957 

S        0.803449041   0.554202048   0.738460195 

S        0.767126991   0.196136694   0.055131552 

S        0.239880539   0.702626747   0.448103472 

S        0.252031504   0.302512519  -0.026955751 

S        0.733516314   0.805187978   0.545858959 



S        0.548045043   0.549484878   0.544442827 

S        0.447822059   0.039473132  -0.023625619 

S        0.044481305  -0.043297342   0.455543530 

S       -0.042215928   0.445550539   0.047334146 

S        0.243957933   0.809194278  -0.029252986 

S        0.253764507   0.201287146   0.454982534 

S        0.760400619   0.305628808   0.550078011 

S        0.741641755   0.692537424   0.051702927 

S       -0.050867911   0.241510837   0.801954714 

S        0.454311962   0.251496196   0.210025534 

S        0.548003170   0.762517363   0.290619715 

S        0.052296345   0.746879157   0.699903873 

S        0.799871482  -0.051204190   0.251349307 

S        0.201360850   0.450224564   0.254966245 

S        0.302710122   0.550466632   0.751952931 

S        0.696732327   0.052263734   0.742665427 

Sn       0.768805513   0.774118273   0.767593878 

Sn       0.227996468   0.269528751   0.730193567 

Sn       0.262935378   0.738374850   0.209855017 

Sn       0.730816335   0.225580304   0.272439523 

Sn       0.019200993  -0.020860613   0.231846605 

Sn       0.474596167   0.019460553   0.736028428 

Sn      -0.026168762   0.484817893   0.263539060 

Sn       0.525330248   0.520375070   0.764700330 

Sn       0.243231835   0.016295895   0.021604385 

Sn       0.734744829   0.465960401   0.023953053 

Sn       0.262679518  -0.021616872   0.483082395 

Sn       0.769152571   0.528832901   0.518394305 

Sn      -0.013300973   0.222337112   0.063890237 

Sn       0.021649798   0.737039397   0.474136701 

Sn       0.467646113   0.254527593  -0.018190493 

Sn       0.514785896   0.767713670   0.521546620 

Sn       0.231666988   0.227109728   0.226465430 

Sn       0.772448744   0.727644056   0.272606771 

Sn       0.727742190   0.272996562   0.771272729 

Sn       0.274097286   0.772874043   0.725435437 

Sn       0.028993708   0.761897685  -0.026817473 

Sn       0.470244713   0.253089903   0.479949158 

Sn      -0.021248370   0.250634623   0.530051138 

Sn       0.525435243   0.740721056   0.060473857 

Sn      -0.025653887   0.022617963   0.746968881 

Sn       0.481921700   0.469945225   0.265379719 

Sn       0.521714253  -0.003250090   0.237364530 

Sn       0.025463376   0.530110318   0.752802597 

Sn       0.754805280  -0.030824375   0.029622778 

Sn       0.257412036   0.486243201   0.480809580 

Sn       0.237357406   0.505953097   0.029994608 



Sn       0.747841607   0.027942521   0.521982068 

S       -0.036721116  -0.039676588   0.962354058 

S        0.039625721   0.462017671   1.538817876 

S        0.461506246   0.538983239   1.034263391 

S        0.541361460   0.039640478   1.466851637 

S        0.053622771   0.758236987   1.196349105 

S        0.450275563   0.239385935   1.691799446 

S       -0.050175557   0.262280887   1.301705678 

S        0.545118442   0.741763358   1.784629681 

S        0.194492472   0.048230949   1.733103778 

S        0.696196108   0.449238910   1.236261723 

S        0.303446794  -0.052720270   1.255902515 

S        0.798676276   0.546529362   1.737220824 

S        0.760830271   0.195395258   1.050511394 

S        0.234671700   0.695658412   1.452353057 

S        0.260440726   0.302707071   0.952466443 

S        0.746713409   0.801533100   1.548905704 

S        0.548810613   0.540989924   1.539798080 

S        0.454119423   0.046139314   0.956650827 

S        0.045699688  -0.049556751   1.451099929 

S       -0.047587112   0.452486146   1.043183768 

S        0.246732069   0.802372177   0.949638095 

S        0.258647660   0.194168659   1.448856379 

S        0.758001003   0.302162991   1.549018853 

S        0.744814956   0.695582471   1.045979959 

S       -0.050654144   0.248720284   1.808905148 

S        0.447664068   0.258478855   1.198525726 

S        0.552995973   0.752829659   1.303430543 

S        0.044622285   0.739286312   1.696338015 

S        0.804560933  -0.053496246   1.242318228 

S        0.200528600   0.453764364   1.248472156 

S        0.292567827   0.548914614   1.721800332 

S        0.694487883   0.050408179   1.740062039 

Sn       0.761040317   0.768165186   1.772373990 

Sn       0.229425043   0.250615744   1.677747583 

Sn       0.272965393   0.728322184   1.225962906 

Sn       0.728540045   0.230616680   1.270425979 

Sn       0.026636189  -0.021229478   1.231150552 

Sn       0.482851732   0.020606121   1.694215211 

Sn      -0.018780243   0.484336756   1.262393086 

Sn       0.515752680   0.527272563   1.761003030 

Sn       0.234240709   0.024632507   0.982022014 

Sn       0.732802290   0.472732721   1.016459796 

Sn       0.263978000  -0.028411978   1.479628524 

Sn       0.769852181   0.526712398   1.519897258 

Sn      -0.019502151   0.233304221   1.024104983 

Sn       0.007091497   0.731049526   1.478017566 



Sn       0.482108479   0.265932178   0.974930297 

Sn       0.525844525   0.760447406   1.538580547 

Sn       0.225613006   0.238079134   1.217858153 

Sn       0.771638248   0.724117666   1.269901484 

Sn       0.737111412   0.276053890   1.773351358 

Sn       0.263767774   0.758879037   1.680811897 

Sn       0.029390214   0.745793355   0.973256826 

Sn       0.478543875   0.256999866   1.470566726 

Sn      -0.028943563   0.253457214   1.520122136 

Sn       0.528253861   0.752671675   1.024407181 

Sn      -0.017583301   0.061162182   1.712613883 

Sn       0.473169311   0.477591057   1.251116393 

Sn       0.524664656  -0.034777341   1.247883645 

Sn       0.023427099   0.519841783   1.755646276 

Sn       0.748648513  -0.027242997   1.026324863 

Sn       0.262775045   0.480645985   1.498797857 

Sn       0.245787419   0.524210742   0.974592913  

Sn       0.760909822   0.023885198   1.529147638 

 

  



Atomic positions ORT SnS (010) surface (128 atoms): 

a_lat=76.17296 a.u.  

b_lat=15.32945 a.u. 

c_lat=33.56162 a.u. 
 

ATOMIC_POSITIONS (crystal) 

Sn      0.036703962     0.124999014     0.09611841 

Sn      0.036703962     0.124999014     0.34611841 

Sn      0.036703962     0.124999014     0.596118353 

Sn      0.036703962     0.124999014     0.846118353 

Sn      0.036703962     0.624999014     0.09611841 

Sn      0.036703962     0.624999014     0.34611841 

Sn      0.036703962     0.624999014     0.596118353 

Sn      0.036703962     0.624999014     0.846118353 

S       0.10067377      0.12500074      0.119881856 

S       0.10067377      0.12500074      0.369881856 

S       0.10067377      0.12500074      0.619881856 

S       0.10067377      0.12500074      0.869881856 

S       0.10067377      0.62500074      0.119881856 

S       0.10067377      0.62500074      0.369881856 

S       0.10067377      0.62500074      0.619881856 

S       0.10067377      0.62500074      0.869881856 

Sn      0.108238086     0.375000986     0.220390875 

Sn      0.108238086     0.375000986     0.470390818 

Sn      0.108238086     0.375000986     0.720390875 

Sn      0.108238086     0.375000986     0.970390875 

Sn      0.108238086     0.875001109     0.220390875 

Sn      0.108238086     0.875001109     0.470390818 

Sn      0.108238086     0.875001109     0.720390875 

Sn      0.108238086     0.875001109     0.970390875 

Sn      0.250732492     0.375000863     0.155372909 

Sn      0.250732492     0.375000863     0.405372853 

Sn      0.250732492     0.375000863     0.655372909 

Sn      0.250732492     0.375000863     0.905372909 

Sn      0.250732492     0.875000863     0.155372909 

Sn      0.250732492     0.875000863     0.405372853 

Sn      0.250732492     0.875000863     0.655372909 

Sn      0.250732492     0.875000863     0.905372909 

Sn      0.178046193     0.124999137     0.030288082 

Sn      0.178046193     0.124999137     0.280288082 

Sn      0.178046193     0.124999137     0.530288082 

Sn      0.178046193     0.124999137     0.780288139 

Sn      0.178046193     0.624999137     0.030288082 

Sn      0.178046193     0.624999137     0.280288082 

Sn      0.178046193     0.624999137     0.530288082 



Sn      0.178046193     0.624999137     0.780288139 

S       0.043860949     0.374999753     0.245090372 

S       0.043860949     0.374999753     0.495090372 

S       0.043860949     0.374999753     0.745090316 

S       0.043860949     0.374999753     0.995090429 

S       0.043860949     0.874999877     0.245090372 

S       0.043860949     0.874999877     0.495090372 

S       0.043860949     0.874999877     0.745090316 

S       0.043860949     0.874999877     0.995090429 

S       0.185989432     0.374999507     0.129612818 

S       0.185989432     0.374999507     0.379612761 

S       0.185989432     0.374999507     0.629612761 

S       0.185989432     0.374999507     0.879612818 

S       0.185989432     0.87499963      0.129612818 

S       0.185989432     0.87499963      0.379612761 

S       0.185989432     0.87499963      0.629612761 

S       0.185989432     0.87499963      0.879612818 

S       0.242789824     0.12500037      0.00475378 

S       0.242789824     0.12500037      0.25475378 

S       0.242789824     0.12500037      0.50475378 

S       0.242789824     0.12500037      0.754753837 

S       0.242789824     0.625000493     0.00475378 

S       0.242789824     0.625000493     0.25475378 

S       0.242789824     0.625000493     0.50475378 

S       0.242789824     0.625000493     0.754753837 

Sn      0.320714009     0.124999137     0.094627034 

Sn      0.320714009     0.124999137     0.344627034 

Sn      0.320714009     0.124999137     0.594627034 

Sn      0.320714009     0.124999137     0.844627034 

Sn      0.320714009     0.624999137     0.094627034 

Sn      0.320714009     0.624999137     0.344627034 

Sn      0.320714009     0.624999137     0.594627034 

Sn      0.320714009     0.624999137     0.844627034 

S       0.385455035     0.125000493     0.120387125 

S       0.385455035     0.125000493     0.370387068 

S       0.385455035     0.125000493     0.620387068 

S       0.385455035     0.125000493     0.870387068 

S       0.385455035     0.625000493     0.120387125 

S       0.385455035     0.625000493     0.370387068 

S       0.385455035     0.625000493     0.620387068 

S       0.385455035     0.625000493     0.870387068 

Sn      0.393398968     0.375000863     0.219710952 

Sn      0.393398968     0.375000863     0.469710952 

Sn      0.393398968     0.375000863     0.719710895 

Sn      0.393398968     0.375000863     0.969710952 

Sn      0.393398968     0.875000986     0.219710952 

Sn      0.393398968     0.875000986     0.469710952 



Sn      0.393398968     0.875000986     0.719710895 

Sn      0.393398968     0.875000986     0.969710952 

Sn      0.534706393     0.375001109     0.153880681 

Sn      0.534706393     0.375001109     0.403880624 

Sn      0.534706393     0.375001109     0.653880624 

Sn      0.534706393     0.375001109     0.903880681 

Sn      0.534706393     0.875001109     0.153880681 

Sn      0.534706393     0.875001109     0.403880624 

Sn      0.534706393     0.875001109     0.653880624 

Sn      0.534706393     0.875001109     0.903880681 

Sn      0.463173807     0.124999014     0.029612136 

Sn      0.463173807     0.124999014     0.279612136 

Sn      0.463173807     0.124999014     0.52961208 

Sn      0.463173807     0.124999014     0.779612136 

Sn      0.463173807     0.624999014     0.029612136 

Sn      0.463173807     0.624999014     0.279612136 

Sn      0.463173807     0.624999014     0.52961208 

Sn      0.463173807     0.624999014     0.779612136 

S       0.328658687     0.37499963      0.245245538 

S       0.328658687     0.37499963      0.495245538 

S       0.328658687     0.37499963      0.745245538 

S       0.328658687     0.37499963      0.995245481 

S       0.328658687     0.87499963      0.245245538 

S       0.328658687     0.87499963      0.495245538 

S       0.328658687     0.87499963      0.745245538 

S       0.328658687     0.87499963      0.995245481 

S       0.470739363     0.374999384     0.130119224 

S       0.470739363     0.374999384     0.380119224 

S       0.470739363     0.374999384     0.630119167 

S       0.470739363     0.374999384     0.880119281 

S       0.470739363     0.874999384     0.130119224 

S       0.470739363     0.874999384     0.380119224 

S       0.470739363     0.874999384     0.630119167 

S       0.470739363     0.874999384     0.880119281 

S       0.527547446     0.125000247     0.00490815 

S       0.527547446     0.125000247     0.25490815 

S       0.527547446     0.125000247     0.50490815 

S       0.527547446     0.125000247     0.754908207 

S       0.527547446     0.625000247     0.00490815 

S       0.527547446     0.625000247     0.25490815 

S       0.527547446     0.625000247     0.50490815 

S       0.527547446     0.625000247     0.754908207 

 

  



valence analysis-Bond 

The bond valence is defined as
10

 

(4)               𝐵𝑉 = ∑ 𝑣𝑖                                                                              

Where  

(5)   𝑣𝑖 = 𝑒𝑥𝑝 (
𝑅0−𝑅𝑖

𝑏
) 

The parameters for Sn-S bonds is 
10

 

(6)  R0 =2.399 Å 

(7)  b =0.37 Å 

The distance of first nearest neighbors: 

(8) 𝑅𝑖
𝑓𝑖𝑟𝑠𝑡 𝑁𝑁

 =2.65 Å 

and the distance of second nearest neighbors: 

(9) 𝑅𝑖
𝑠𝑒𝑐𝑜𝑛𝑑 𝑁𝑁

 =3.3 Å 

Thus 

(10)    𝑣𝑖
𝑓𝑖𝑟𝑠𝑡 𝑁𝑁

=  𝑒𝑥𝑝 (
2.4−2.65

0.37
) = 0.51 

(11)   𝑣𝑖
𝑠𝑒𝑐𝑜𝑛𝑑 𝑁𝑁 =  𝑒𝑥𝑝 (

2.4−3.3

0.37
) = 0.09 

(12)   𝐵𝑉 = 3 ∙  𝑒𝑥𝑝 (
2.4−2.65

0.37
) + 3 ∙ 𝑒𝑥𝑝 (

2.4−3.3

0.37
) = 1.8 

The parameters for Sn-Cl bonds are 

(13)  R0 =2.276 Å 

(14)  b =0.37 Å 

The bond length for Sn-Cl bonds with ammonium chloride ligands on π: 

(15)   R =2.78 Å 

(16)  𝑣𝑖 = 𝑒𝑥𝑝 (
𝑅0−𝑅𝑖

𝑏
) = 𝑒𝑥𝑝 (

2.276−2.78

0.37
) = 0.256 

The bond length for Sn-Cl bonds with ethyl and methyl ammonium chloride ligands on π: 

(17)   R =2.56 Å 

(18)                    𝑣𝑖 = 𝑒𝑥𝑝 (
𝑅0−𝑅𝑖

𝑏
) = 𝑒𝑥𝑝 (

2.276−2.56

0.37
) = 0.464 

The bond length for ammonium chloride on the orthorhombic phase is: 

(19)   R =2.92 Å 

(20)                      𝑣𝑖 = 𝑒𝑥𝑝 (
𝑅0−𝑅𝑖

𝑏
) = 𝑒𝑥𝑝 (

2.276−2.92

0.37
) = 0.175 

 

From this analysis we conclude that the Cl atom is strongly bonded to the surface in the case 

of ethyl and methyl ammonium chloride ligands on the π phase and weakly bonded in the case 

of ammonium chloride on the orthorhombic phase.   
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