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Abstract: Well-ordered spin arrays are highly desirable for next-generation molecule-based 

magnetic devices, and yet its synthetic method remains a challenging task. Herein, we 

demonstrate the realization of two-dimensional supramolecular spin arrays on surfaces via 

halogen-bonding molecular self-assembly. A bromine-terminal perchlorotriphenymethyl 

radical with net carbon spin was synthesized and deposited on Au(111) to achieve two-

dimensional supramolecular spin arrays. By taking advantage of the diversity of halogen 

bonds, five supramolecular spin arrays are presented with ultrahigh spin densities (up to the 

value of 3 × 1013 spins at the size of a flash drive), as probed by low-temperature scanning 

tunneling microscopy at the single-molecule level. First principle calculations verify that the 

formation of three distinct types of halogen bonds can be used to tailor supramolecular phases 

via molecular coverage and annealing temperature. Our work demonstrates supramolecular 

self-assembly as a promising method to engineering 2D spin arrays for potential application in 

magnetic devices.  
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1. Introduction 

Single-molecule magnets (SMMs) are a distinct magnetic entity composed of a single 

molecule which was built using bottom-up approach at the nanoscale. SMMs have attracted 

much interest due to their potential applications in ultra-high density information storage,1, 2 

quantum computers,3, 4 spintronic devices.5, 6 In 1993, Sessoli et al. reported that a SMM of 

metal-organic compound can be realized with high spin states.7 Metal-organic compounds 

consists of transition metals and organic-ligands are the research focus of SMMs, and various 

type of metal-organic magnets have been reported.8-12 Unlike metal spins which origin from 

unpaired electron in d- or f-orbital, organic carbon is another spin element that generates its 

magnetism due to an unpaired electron in p-orbital. Recent studies have shown that through 

molecular design, organic molecules could exhibit an open-shell ground state, revealing 

emergent SMMs with a net carbon spin.13-17  

The successful synthesis of high-quality SMMs enables to further research on their device 

applications. Fabricating ordered spin arrays of SMMs is an important step towards practical 

implementations. A method so called crystal engineering has been introduced to control over 

the ordered molecular architectures and align the spin orientation/distance of SMMs into one-, 

two- or three-dimensional spin arrays, such that spin exchange interaction and the resulting 

magnetic properties can be tuned efficiently.15, 18, 19 In particular, the realization of two-

dimensional spin arrays on a substrate has attracted much interest, since it is a key step to the 

applications in high-density storage devices and spintronic devices.20 Until now, several 

reports have demonstrated two-dimensional molecular spins via the deposition of SMMs21, 22 

or on-surface synthesis of molecular magnets on a substrate.23-28 However, due to the lack of 

an effective means to regulate the molecular organization of these magnets, it is still a great 

challenge to achieve a highly-ordered two-dimensional spin arrays on surface.29, 30 
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Two-dimensional molecular self-assembly has shown great advantages in achieving 

supramolecular arrays on surfaces.31-35 By means of intermolecular interactions including 

hydrogen bonds, dipole-dipole interactions, coordination bonds, van der Waals forces (vdW), 

halogen bonds, many ordered supramolecular patterns have been reported, ranging from zero-

dimensional, one-dimensional to two-dimensional supramolecular arrays.36-42 In particular, by 

employing high-resolution surface characterization techniques, halogen bonds have recently 

been studied and show great promise in mediating highly-ordered supramolecular arrays on 

surface.43-46 

In this work, a bromine-terminated perchlorotriphenymethyl radical (3Br-PTM) with net 

carbon spin was synthesized and thermally-deposited to achieve two-dimensional ordered 

spin arrays on an insulating bromine monolayer on Au(111). Halogen bonds play an 

important role in regulating the supramolecular spin arrays formation on surface. By taking 

advantage of the diversity of halogen bonds, five ordered supramolecular architectures with 

variable spin densities and distances were observed using high-resolution LT-STM. DFT 

calculations further show that the observed spin arrays are mainly governed from three 

distinct types of halogen bonds, namely, linear single Br-bond (Type-1 halogen bond), 

triangular triple Br-bonds (Type-2 halogen bond) and hexagonal sextuple Br-bonds (Type-3 

halogen bond). 

2. Results and Discussion 

3Br-PTM molecule was synthesized via solution-based organic synthesis (Figure S1 in the 

Supporting Information). Figure 1a displays a 3D molecular structure of 3Br-PTM that was 

obtained from the single crystal XRD measurement (CCDC 2088008). The 3Br-PTM 

backbone is a triangular-shaped molecule with D3-symmetry. The 3Br-PTM is considered a 

nonplanar molecule since two adjacent benzene rings are rotated with respect to the plane of 

the molecule due to steric hindrance. Since the 3Br-PTM molecule has an odd number of sp2 
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carbons (37 carbons), a single electron in p-orbital of the central carbon does not participate in 

the pairing π-bonds, which leads to the formation of carbon-centered net spin.47 In order to 

verify our hypothesis, electron spin resonance (ESR) measurements were carried out. As 

shown in Figure 1b, an intense one-line ESR signal is observed with the g value of 2.0029, 

verifying a typical carbon-centered spin. DFT calculations also support our expected 

hypothesis and the ESR observation. Figure 1c shows the calculated spin density distribution 

of a 3Br-PTM molecule, which shows that the spin is mainly localized at the central carbon 

atom. Moreover, the spin intensity of 1.0 μB per molecule in gas phase is obtained according 

to DFT calculation in line to the typical net-spin molecule. 

 

Figure 1. Molecular spin originated from an unpaired electron in the central carbon of 3Br-

PTM molecule. (a) Chemical structure of 3Br-PTM molecule, the side-view and top-view of 

3Br-PTM molecule are obtained from the single crystal XRD. (b) Solid-state ESR spectrum 

of 3Br-PTM powder at 293 K, and the g value of 2.0029 indicates a typical carbon-centred 

spin. (c) Calculated spin density distribution of 3Br-PTM molecule, yellow and light blue 

isosurfaces indicate spin up and spin down, respectively. (d) High-resolution STM image of a 

single 3Br-PTM molecule on Au(111), three outer Br-terminated benzene rings are labeled by 

blue circles, set point: Vtip = -0.2 V and Itip = 38 pA.  

The 3Br-PTM molecules were thermally deposited on Au(111) substrate under ultra-high 

vacuum, and the as-grown samples were subsequently in-situ transferred into LT-STM 
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chamber for  imaging at 77 K. Figure 1d exhibits a high-resolution STM image of a single 

3Br-PTM molecule on Au(111). After thermal deposition, the 3Br-PTM molecule prefers to 

lie flat on surface. The molecule presents a triangular geometry with D3-symmetry, consistent 

with our observation in the single crystal XRD determination in Figure 1a. We noted that due 

to the twisted feature of the adjacent benzene rings (the outer and inner benzene rings), their 

contrast variation shown in the STM image reflects that three outer bright spots are assigned 

to the outer Br-terminated benzene rings (labeled by blue circles), while the other three 

brighter spots (clover-like structure) are associated to the three inner benzene rings. 

Figure 2 presents the vertically-stacked heterostructures consisting of 3Br-PTM sub-

monolayer on Br-atom monolayer on Au(111) substrate. Figure 2a shows a low molecular 

coverage STM image obtained via depositing 3Br-PTM molecule on Au(111) at 180 oC for 3 

minutes. Two distinct domains are observed, one domain is covered by Br atoms while 

another is covered by ordered molecules, as shown in Figure 2b and 2c, respectively. Figure 

2b shows a zoom-in STM image of the Br atom monolayer. The bottom layer consists of 

close-packed hexagonal bright spots (labeled by a blue arrow in Figure 2b), and its measured 

unit cell is 0.53 ± 0.02 × 0.53 ± 0.02 nm. It can be assumed that the formation of a Br 

monolayer is induced by the partial cleavage of Br atoms from the 3Br-PTM molecules upon 

thermal evaporation onto the Au(111) substrate. A few of molecules (labeled by blue arrows) 

adsorb on the top of the Br-monolayer. DFT calculations in Figure 2d highlights the Br atoms 

preferably absorb on hcp sites of Au(111) substrate to form a close-packed hexagonal 

structure. The calculated unit cell is 0.54 nm × 0.54 nm, which is double of Au(111) substrate 

lattice (0.27 nm), and this result is comparable to the extracted lattice periodicity (~0.53 nm) 

from STM image. 
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Figure 2. 3Br-PTM sub-monolayer/Br-monolayer/Au(111). (a) STM image of 3Br-PTM sub-

monolayer on Br monolayer/Au(111) after depositing at 180 oC for 3 mins, set point: Vtip = 

1.0 V and Itip = 30 pA, size: 60 nm × 60 nm. (b) Zoom-in STM image of a few 3Br-PTM 

molecules on Br-monolayer on Au(111) , set point: Vtip = 1.0 V and Itip = 30 pA, size: 15 nm × 

15 nm. (c) Zoom-in STM image of phase-1 domain; set point: Vtip = 0.8 V and Itip = 30 pA, 

size: 10 nm × 10 nm. (d) Calculated atomic structure of Br-monolayer on Au(111), calculated 

unit cell: 5.4 nm × 5.4 nm; The Br atoms absorb on hcp site, by contrast, Br monolayer is 

energetically unstable when absorbed on fcc site, as suggested by DFT calculations. (e) 

Calculated atomic structure of a 3Br-PTM molecule on Br-monolayer on Au(111). (f) DFT-

optimized molecular packing structure of phase-1 domain. 

When the molecules were deposited at a lower temperature of 150 oC, we do not observe a 

similar 3Br-PTM molecules arrangement, and only the Br sub-monolayer is observed in 

Figure S2a. The X-ray Photoemission (XPS)  measurements of the 3Br-PTM monolayer on 

Br-monolayer on Au(111) in Figure S3 also show two distinct Br-3d peaks, which originate 

from two different chemical states of Br-C and Br-Au bonding.48 Figure S2b shows that the 

thickness of the Br monolayer is about 0.13 nm. This small distance suggests the strong 

chemisorption of Br atom on Au(111), which is also supported by the disappearance of 

Au(111) herringbone reconstructions in Figure 2a and Figure S4a.49, 50 In contrast, 3Br-PTM 

molecules are not strongly absorbed on the Br-monolayer. The orientation of each individual 
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3Br-PTM molecule is random, and the corresponding molecular thickness is higher relative to 

the Br-monolayer (~0.28 nm in Figure S2d). We infer that the adsorption of 3Br-PTM 

molecules on Br monolayer is a weak physical adsorption. 

To verify the hypothesis of a weak physical adsorption of 3Br-PTM molecules on Br-

monolayer, DFT calculation was performed in order to resolve the estimated molecular 

binding energy. Figure 2e shows that the interlayer distance between the 3Br-PTM molecule 

and Br monolayer is very large (0.51 nm), which is beyond the range of chemisorption, 

suggesting that the molecular adsorption of the 3Br-PTM molecule on Br-monolayer is 

considered as physisorption. On the other hand, DFT calculation shows that the molecular 

binding energy is only ~81 meV per atom, and the absorption energy was reduced by 1% 

upon absorption, verifying that the effect of the Br-monolayer/Au(111) substrate on the 

molecule is very weak. This result is reasonable since Br-monolayer has a large energy gap 

and is used as an insulating buffer layer.51  

The molecular magnetic property is maitained up on absorption on the buffer Br-

monolayer/Au(111). According to the calculated results, the magnetic strength of 3Br-

PTM/Br-monolayer/Au(111) is 0.24 μB per molecule. This could be a result of incomplete 

shielding by the Au substrate due to the presence of the buffer Br-monolayer52 which reduces 

the charge transfer between the molecule and the substrate.53 Compared with the isolated 

molecule in gas phase, the shielding effect of the substrate on molecular magnetic property 

cannot be ignored in 3Br-PTM/Br-monolayer/Au(111).The DFT calculation in Figure S5 

verifies the shielding effect from substrate, in which spin density transfers from 3Br-PTM 

molecule to Br-monolayer is observed.   

Figure 2c displays a zoom-in STM image of 3Br-PTM domain on Br-monolayer on Au(111). 

In this domain, a highly-ordered molecular array is unambiguously observed, which is labeled 

as phase-1. We infer the formation of triple Br-halogen bonds since three Br-terminals are 

adjacent. The DFT-optimized molecular packing structure in Figure 2f supports our STM 
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observation, suggesting that triple Br-halogen bonds play an important role on the self-

assembly of the 3Br-PTM molecules into highly-ordered carbon spin arrays, as further 

discussed in Figure 4. 

Figure 3 presents the multi-phases of 3Br-PTM self-assembled on Br-monolayer on Au(111) 

at high molecular coverage. Five molecular self-assembled phases were observed when the 

molecular coverage is high (~0.9 ML), which can be achieved by increasing the deposition 

time. Figure 3a represents phase-2 with highly-packed and ordered structure at a coverage of 

~0.9 ML. We observe the existence of multi-phases, and Figure S6 gives a large-scale STM 

image of the mixed phase-1 & -2 on Br-monolayer on Au(111). The high-resolution STM 

image in Figure 3b shows that six 3Br-PTM molecules form a close-packed ring-like 

architecture with X6-synthon structure. Figure 3c presents a DFT-optimized molecular 

packing structure of phase-2, which reproduces the STM observation. The optimized structure 

suggests that six bromine atoms form a hexagon, and each of these bromine atoms interacts 

with two neighboring bromine atoms through Br-halogen bond. We infer that the formation of 

hexagonal sextuple Br-bonds (Type-3 halogen bonds) promotes 3Br-PTM molecular 

assembly into phase-2 spin arrays, as elaborated in Figure 4. 

The emergence of phase-3 is commonly observed in other areas, with its peculiar hexagonal 

porous structures. Figure 3d exhibits high-resolution STM image, in which phase-3 molecular 

arrays are regularly distributed with the nanopores with size of ~ 2.0 nm in diameter. A high-

resolution STM image in Figure 3e shows that six 3Br-PTM molecules assembled into a 

hexagonal nanopore. DFT-optimized molecular packing structure in Figure 3f suggests that 

each periphery of the hexagonal nanopore consists of two 3Br-PTM molecules that aligns via 

linear single Br-bond (Type-1 halogen bond, as discussed in Figure 4a). Figure S7 displays 

mixed phase-3 and phase-1 of 3Br-PTM on Br-monolayer on Au(111). Phase-3 mostly 

formed small domain, and its structural instability affects the STM-tip state during scanning.  
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Figure 3. Multi-phases of 3Br-PTM self-assembled on Br-monolayer on Au(111). (a, b, c) 

STM images and DFT-optimized molecular packing structure of phase-2 at high coverage at 

room temperature; set point: a) Vtip = -0.2 V, Itip = 25 pA, and size: 25 nm × 25 nm; b) Vtip = -

0.5 V, Itip = 25 pA, and size: 8 nm × 8 nm. (d, e, f) STM images and DFT-optimized 

molecular packing structure of phase-3 at high coverage; set point: d) Vtip = 0.8 V, Itip = 30 pA, 

and size: 25 nm × 25 nm; e) Vtip = 0.5 V, Itip = 21 pA, and size: 8 nm × 8 nm. (g, h, i) STM 

images and DFT-optimized molecular packing structure of phase-4 at high coverage; set point: 

g) Vtip = 1.2 V, Itip = 54 pA, and size: 25 nm × 25 nm; h) Vtip = -1.5 V, Itip = 130 pA, and size: 

8 nm × 8 nm. (j, k, l) STM images and proposed molecular packing structure of phase-5 

observed after annealing at 250 oC; set point: j) Vtip = 0.8 V, Itip = 29 pA, and size: 50 nm × 50 

nm; k) Vtip = 0.8 V, Itip = 29 pA, and size: 18 nm × 18 nm. 

Like Phase-3, Phase-4 also has a regular hexagonal porous structure. Figure 3g gives a STM 

image of phase-4 molecular array with regularly distributed but isolated nanopores. The 

zoom-in STM image in Figure 3h shows that six 3Br-PTM molecules assemble into a 

hexagonal nanopore. Unlike phase-3, the porous walls (molecules) in phase-4 are independent 

and do not share with other nanopores. DFT-optimized molecular packing structure in Figure 

3i verifies our finding, suggesting that the wall comprises of two 3Br-PTM molecules that 



  

10 
 

align via a linear single Br-bond (Type-1 halogen bond, same as phase-3). Further, DFT-

optimized structure suggests the formation of triangular triple Br-bonds (Type-2 halogen bond, 

as observed in phase-1), which bridges the isolated nanopores into 2D porous molecular spin 

arrays. Figure S8 exhibits a large-scale STM image of phase-4 of 3Br-PTM on Br-monolayer 

on Au(111). The formation of high yield of ordered nanostructures indicates that phase-4 has 

a good structure stability. 

Phases 1-4 are mixed at high molecular coverage before annealing. Statistically, the statistical 

yields of phase1-4 are 42%, 29%, 5% and 24%, respectively. Table S1 summarizes the 

observed molecular phases at different annealing temperatures. According to Table S1, Phase 

1, 2 and 4 remain stable at below 200 oC. We infer that phase-3 is unstable since it disappears 

when annealing at 200 oC. Due to its low stability, the statistical yield of phase-3 is only ~5% 

at room temperature. 

Unexpectedly, a new phase-5 emerged upon the sample annealed at 250 oC. Figure 3j presents 

the phase-5 molecular array that resembles Si(7×7) reconstruction-like structure. Figure S9 

gives large-scale STM images of mixed phase-5 and phase-1 of 3Br-PTM on Br-monolayer 

on Au(111). A high-resolution STM image in Figure 3k and DFT-optimized molecular 

packing structure in Figure 3i suggest that 3Br-PTM molecules assemble into Si(7×7) 

reconstruction-like arrays, formed by the combination of two types of halogen bonds, namely 

the linear single Br-bond (Type-1 halogen bond) and triangular triple Br-bond (Type-2 

halogen bond). Although the supramolecular arrangements are somewhat different, phase-5 

and phase-4 are similar in terms of the molecular interactions involved. We note that the 

Si(7×7) reconstruction-like spin array is obtained in large scale of 200 nm × 200 nm (Figure 

S10), indicating that phase-5 is energetically stable.  

We infer that the formation of the above multi-phases is mainly governed from their diverse 

intermolecular interactions, while the molecule-substrate interaction does not play an 

important role in determining the self-assembled networks. The Br-monolayer is considered 
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as an insulating layer54 that is electronically inactive, and therefore it can be used for an 

ultrathin buffer layer for molecular-based devices. DFT calculation also verifies that the 

molecule-substrate interaction of 3Br-PTM on Br-monolayer is weak (~ 81 meV per atom). 

To understand the inherent mechanism of the formation of the five observed phases, further 

DFT calculations were performed in order to gain insight of respective intermolecular 

interactions. 

 

Figure 4. The formation of five different phases stabled by the diverse Br-halogen bonds. (a, 

b, c) DFT-optimized model of three types of Br-halogen bonds: Type-1 halogen bond: linear 

single Br-bond, Type-2 halogen bond: triangular triple Br-bonds and Type-3 halogen bond: 

hexagonal sextuple Br-bonds. (d) Spin density at the size of a flash drive in phase 1-5. (e) The 

corresponding intermolecular interactions energy per molecule in Phase 1-4, the dominant 

intermolecular interactions are added.  

We studied the three types of molecular interaction that are involved in the five phases, 

namely, type-1 halogen bond: linear single Br-bond, type-2 halogen bond: triangular triple Br-

bonds and type-3 halogen bond: hexagonal sextuple Br-bonds, respectively. Figure 4a-4c are 

three corresponding optimized molecular models after formation energy minimisation. 

Halogen bond forms based on the mutual interaction between δ-hole and electron-rich 
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equatorial belt due to the anisotropic distribution of halogen atom’s electron density.55, 56 Due 

to this distribution, the electron density rearrangement leads to the coexistence of electron-

depleted δ-hole at the pole of the C–X bond (X indicates halogen atom), and encircling 

electron-rich equatorial belt arises perpendicular to the C–X bond. Figure 4a shows the type-1 

halogen bond where linear single Br-bond exists. In this scenario, two 3Br-PTM molecules 

are aligned such that two Br atoms are in close proximity. The Br-Br distance (d1) is 

calculated to be about ~3.8 Å, considered to be within the range of short intermolecular 

interactions, suggesting the formation of halogen bonding interactions. In addition, we found 

that the bond angle (∂1) is ~118 o. We note that our result is in line to the type-1 halogen bond 

that was theoretically predicted in 2017.55 The probability of phase-3’s statistical yield is very 

low (only 5%), and this is probably because of the small binding energy of involved type-1 

halogen bond that impedes such an arrangement. 

In contrast, type-2 halogen bond of triangular triple Br-bonds has been frequently reported.46, 

55 Figure 4b shows that three Br atoms positions are adjacent to each other, and they form a 

trigonal geometry after structural optimization. The bond angle (∂2) and Br-Br distance (d2) 

are ~60o and ~3.6 Å, respectively. These geometrical parameters are fairly comparable to the 

reported case.55 Type-3 halogen bond of hexagonal sextuple Br-bonds is resolved in phase-2. 

DFT-optimized model in Figure 4c shows that six Br atoms form a hexagonal-shaped 

structure with the bond angle (∂3) of ~119 o and Br-Br distance (d3) of ~3.6 Å. Type-3 halogen 

bond has been theoretically predicted,55 and it was recently demonstrated by Maier et al. in 

experiment.45 We noted that the types of halogen bonds are diverse, which can be employed 

to realize variable molecular self-assembled structures and thus adjusting the lateral distance 

of two molecular spins. Here we recorded three different distances between two molecular 

spins: 13.6 Å, 21.3 Å and 23.1 Å, respectively. Moreover, different molecular interactions or 

spin distances leads to variable spin densities. Figure 4d summarizes the molecular spin 

density throughout the five phases. The maximum spin density with the value of 3 × 1013 
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spins (29000 GB) at the size of a flash drive is found in highly-packed phase-2 (The fifth row 

at Table 1), which is greatly larger than the 256 GB data storage of a commercial flash drive. 

Intermolecular interaction energy is also extracted from DFT calculations shown in Figure 4e. 

Phase-3 has a minimum intermolecular interaction energy compared to the other phases, 

which further confirms our experimental observation that its structure is unstable and its 

statistical yield is lowest. On the contrary, the intermolecular interaction energy of phase-1 is 

larger than that of phase-3, suggesting that phase-1 is more stable than phase-3. According to 

the intermolecular interaction energy, we infer an order of structural stability: phase-1>phase-

4>phase-3, which is consist with our experimental observation of the statistical yield order of 

phase-1>phase-4>phase-3. 

Table 1. Summary of the calculated interaction energy, the bond types of molecular 
interaction, the molecular density and the spin density in Phase 1-5. 

Items Phase- 1 Phase-2 Phase-3 Phase- 4 Phase-5 

Interaction energy 

(eV)[a] 

-5.56 -5.75 -5.46 -5.50 -- 

Type of molecular 
interaction 

Type-2 Type-3 
&vdW 

Type-1 Type-1 
&type-2 

Type-1 
&type-2 

Molecular density 
(molecule/103 nm2) 

409 433 370 392 400 

Spin density 

(GB) [b] 

27400 29000 24790 26260 26800 

[a] interaction energy per molecule, [b] at the size of a flash drive 

The intermolecular interaction energy of phase-2 is the highest than the other phases. We 

attributed this to two origins, type-3 halogen bond and the van der Waals force (vdW). The 

vdW force also plays an important role in Phase-2 due to its highly-packed molecular density. 

The fourth row at Table 1 shows that phase-2 has the highest molecular density, and STM 

image in Figure 3b shows that the 3Br-PTM molecules are closely packed. Phase-4 has a 
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moderate intermolecular interaction energy than that of phase-1 and phase-3 (Table 1 and 

Figure 4e), which is attributed to a combination of type-1 and type-2 halogen bonds. We 

cannot obtain the optimized structure of phase-5, since its unit cell is very large and has 

exceeded our available computing capacity. Nevertheless, the molecular interaction energy of 

phase-5 is expected to fall in the range of phase-1 and phase-3, since phase-5 is arranged from 

a combination of type-1 and type-2 halogen bonds, same as the case of phase-4. 

Based on the DFT calculations and our experimental observations, we infer that the formation 

of five phases is mainly driven by different formation of halogen bonds, and the dominant 

types of molecular interaction are added in Figure 4e. We note that the formation of halogen 

bond/phases depends on molecular density and annealing temperature. Molecular coverage 

and annealing treatment are thus utilized to adjust the molecular spin arrays to some extent. 

At low coverage, we only observed the existence of phase-1, which may be related to the 

dominant interaction of type-2 halogen bond. In the other hand, at high coverage, phase-2 is 

commonly found due to its highest molecular density (fourth row of Table 1) that lead to the 

second dominant interaction of vdW force, in addition to the type-2 halogen bond. Whereas, 

the other observed phases form locally, which may be because 3Br-PTM molecules are not 

uniformly distributed on surface. Table S1 summarizes that effect of annealing treatment on 

different self-assembled phases. Annealing to 200 oC, phase-3 disappears since the involved 

type-1 halogen bond is weak, while phase-1, -2 & -4 remain. The emergence of phase-5 with 

a long-scale order of 200 nm × 200 nm is observed when the sample was annealed at 250 oC. 

3. Conclusion 

In conclusion, two-dimensional supramolecular spin arrays were realized on an insulating Br-

monolayer on Au(111). In this study, we found that the halogen bond rather than molecule-

substrate interaction is the main determinant of the supramolecular spin arrays formation. By 

taking advantage of the diversity of halogen bonds, five kinds of two-dimensional 

supramolecular architectures were achieved with variable spin densities and spin distances. 
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DFT calculations support our STM observations, suggesting that the formation of three types 

of halogen bonds realizes the 2D spin arrays. Our work demonstrates how versatile the 

halogen bond on the verge of 2D spin arrays realization on a surface, suggesting that 

supramolecular self-assembly facilitated by halogen bonding as a promising method to 

engineer low-dimensional spin arrays towards next-generation magnetic device applications. 

Further work is needed to read/write each individual molecular spin and to precisely engineer 

the supramolecular self-assembly of single-molecule magnets and tune effectively their spin 

exchange.57 
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TOC. A bromine-terminal perchlorotriphenylmethyl radical was synthesized and deposited 
on Au(111) to realize 2D spin arrays. By taking advantage of the diversity of halogen bonds, 
several supramolecular spin arrays were achieved with variable spin densities/distances. DFT 
calculation suggests that the STM-observed spin arrays are governed by three types of 
halogen bonds. 

 


