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Abstract: The crystallization of nickel (II) bis-phosphine and nickel and zinc cluster complexes have 

been carried out in localized magnetic fields set up using neodymium magnets, including custom 

made Magnetic Crystallization Towers (MCTs). In all cases, whether the product complex is 

diamagnetic or paramagnetic, a complex spatial patterning of the crystals occurs based on the 

orientation of the magnetic field lines.  The effects of nucleation, and solution concentration 

gradients on the crystallization process are also explored. These observations therefore show how the 

crystallization process is affected by magnetic fields and thus these results have far-reaching effects 

which most certainly will include crystallization and ion migrations in biology. 
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1. Introduction 

One area of chemistry which has to some extent been neglected is chemistry in magnetic fields. 

[1–8] There are many biological phenomena associated with weak magnetic fields such as bird 

navigation and effects on the human body, yet the mechanism of these actions is still poorly 

understood. In chemistry the use of epr/esr spectroscopy play an important role in the study of 

materials in spectroscopic terms, however the bulk effects in solution in synthetic chemistry are less 

well studied.  The work of Tesla and Faraday inspired generations of electromagnetic researchers, 

which has essentially taken us to where we are today in terms of electronic components. Despite the 

significant number of articles on single molecule magnets, [9–11] the linking of magnetochemistry to 

bulk synthesis is sorely lacking. One rather obvious application is the crystallization in magnetic 

fields. Several years ago (2015-17) we carried out the first of these experiments, which we can now 

report. We have undertaken a raft of experiments with both paramagnetic and diamagnetic 

compounds and have observed astonishing results. It is intuitively obvious that the crystallization of 

paramagnetic complexes in magnetic fields may provide interesting research results, but it is perhaps 

less obvious that diamagnetic compounds which are weakly repelled from magnetic fields should 

also show this effect that is until we realize that in all compounds electron motion will cause many 

localized fields which are susceptible to magnetic fields.  The original inspiration for this work came 

from teaching demonstrations of the Meisner effect [12–14] where a static conventional ceramic 

superconductor clearly shows the effect of concerted magnetic repulsion but in a localized manner 

unlike that of conventional magnets where stabilization of the third degree of freedom is required.  

The other aspect which should also be obvious is that the different effects on the HOMO and LUMO 
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molecular orbitals in a magnetic field should influence the course of a chemical reaction or at least be 

responsible for the catalysis of chemical reactions if a well- designed reactor can be built- clearly the 

very local effects of magnetic fields mean that the substrate -magnet distances should be short or 

chemistry in high magnetic fields could be carried out inside electromagnets. The other phenomenon 

which is clearly at play are the effects of local currents in the solutions because material transport in 

solution leading to concentration gradients are clearly important. In the present context, it is best to 

begin with pictorial representations of crystallisations in a magnetic field.  

Magnetic fields, generated either by electromagnets or permanent commercially available 

magnets, have long been used to treat hardwater. [15–17] The application of a magnetic field has been 

shown to strongly influence fluid-flow hydrodynamics that in-turn directly affect aggregation and / 

or disaggregation of colloidal solids (e.g. calcite and aragonite from hardwater). [18] It is also believed 

that magnetic field effects significantly influence crystallisation processes in solution (of both 

diamagnetic and paramagnetic substances). For instance, the crystallisation of protein structures 

using external magnetic fields has become commonplace in protein crystallography and can be 

carried out in both solutions and gel media. [19–22] Indeed, a very recent and significant development 

demonstrated that hen egg white lysozyme (HEWL) could be crystallised in a contactless fashion 

through levitation (HEWL is suspended in a solution) using external magnets in the form of a 

“magnetic force booster.” [23] Similarly, Whitesides and co-workers have employed Magneto-

Archimeded levitation (MagLev) to separate mixtures of crystal polymorphs using density 

differentiation. This was achieved using a sophisticated self-built device comprising two permanent 

magnets (like-poles facing each other) separated by a void space that accommodates a sample cuvette 

containing the crystal mixture. [24] In 2019, the same device was successfully employed in the density 

driven separation and identification of illicit drugs at much lower quantities / concentrations (50 

mg) than are required using standard forensic methodologies. This was achieved using the MagLev 

phenomenon in combination with FT-IR and / or 1H NMR.[25] 

In a similar vein, Chen and co-workers have shown that the application of a strong magnetic 

field (90 kOe) during the preparation of the multiferroic formate perovskite 

[(CH3)2NH2][Mn(HCOO)3] leads to slight topological changes within the resultant extended 

architecture and significant changes in magnetic behaviour. [26] Similarly, Hong and co-workers 

were able to introduce molecular disorder and important topological changes that encouraged 

altered magnetic behaviour within a [Fe(1,4-dcb)(N(CN)2)2] complex (1,4-dbc = 1,4-dichlorobenzene). 

Interestingly, at higher magnetic fields (1 T) a complete breakdown of the complex was observed as 

indicated by the crystallisation of Fe(ClO4)2.6H2O precursor. [27] In 2014, Meihaus and co-workers 

discovered that the nearby positioning of a permanent Nd2Fe13B magnet promoted the crystallisation 

of the otherwise stubborn N23- radical bridged lanthanide complexes [{(R2N)2(THF)Ln}2(3-2:2:2-

N2)K] (Ln = Gd, Tb, Dy; NR2 = N(SiMe3)2) as opposed to the otherwise favoured non radical azide 

bridged analogue complexes. [28] Similarly, using a Fe14Nd2B magnet, Higgins et al carried out 

extremely effective thermal gradient driven separation of both dia- and paramagentic rare-earth 

[RE(TriNOx)] complexes from complex mixtures. [29] In 2019, Naaman and co-workers employed a 

0.52T permanent magnet to execute the enantiospecific crystallisation of amino acids (asparagine, 

glutamic acid hydrochloride and threonine). [30] In the same year, a potentially groundbreaking use 

for a permanent magnet was discovered when Galán-Mascarós and co- workers showed that the 

introduction of a moderate (450 mT) magnetic field at the anode (using a commercially available Nd 

magnet) significantly enhanced electrocatalytic water oxidation when using highly magnetic 

electrocatalysts. [31]  

In the first paper we have chosen to illustrate the work using the nickel phosphine complexes 

[32–36] and heptanuclear pseudo metallocalix[6]arene complexes [(MeOH)2Ni(II)7(OH)6(L)6](NO3)2 

(CCDC = 758960) [37] and [(MeOH)2Zn(II)7(OH)6(L)6](NO3)2 (where LH = 2-iminomethyl-6-

methoxyphenol [38] which are readily available in our laboratories.  

2. Results and Discussion 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 March 2025 doi:10.20944/preprints202502.2279.v1

https://doi.org/10.20944/preprints202502.2279.v1


 3 of 12 

 

2.1. Part A Nickel Phosphine Complexes 

The first complex we studied was the formation of the dark green paramagnetic complex 

[(dppf)NiCl2], 1, dppf = 1,1’-bis-(diphenylphosphino)ferrocene, [39] since this ligand was readily 

available in bulk in our laboratories.  In all magnetic fields studied this complex crystallized 

anisotropically both in terms of crystal morphology and orientation.  The typical magnetic field 

strengths used were 20-100 mtesla. In the first experiments a crystallizing solution in a small glass 

vial was placed either inside a circular stack of three neodymium magnets (40/23 mm, height 6 mm, 

neodymium, N42, nickel-plated, 21 kg), Figure 1, or touching a small stack of rectangular This section 

may be divided by subheadings. 

   

(a) (b) 

Figure 1. (a) Crystallisation pattern of [Ni(dppf)Cl2], 1, inside a stack of three ring magnets (b) A vial containing 

a crystallising solution of [(C6H4-CH2PtBu2-2-C6H4-CH2P(H)tBu2)2NiCl3 placed adjacent to a stack of 4 magnets. 

Smaller crystals are observed next to the magnet and distinct areas of little or no crystallisation is apparent. 

It should provide a concise and precise description of the experimental results, their 

interpretation, as well as the experimental conclusions that can be drawn. magnets (block NdFeB, 30 

x 15 x 6 mm, approx. 86.3 N, as shown in Figure 2 (RHS). The methodology chosen was one we have 

used for a considerable period which is the room temperature reaction of the yellow/orange 

anhydrous [Ni(DME)Cl2] with the ligand. Even though the precursor complex is poorly soluble in 

most organic solvents we have successfully used it in dichloromethane at room temperature to form 

many complexes. In this case a dichloromethane slurry was used, and diethyl ether was added as a 

separate layer to facilitate the crystallization. The poor solubility means that the reaction is slow, 

however we did not want to introduce water. Each of these results indicate a clear crystallization 

pattern was observed for this nickel complex.  (The magnetic field strengths of the magnets were 

measured on the exterior of the stacked magnets using a gaussmeter). The region where the crystals 

were observed were those which showed the highest field strengths and the areas where no crystals 

formed were those of low or zero magnet field. It should be mentioned at this point that we are 

looking at the formation of the tetrahedral paramagnetic nickel (II) dichloride complex which has 

been structurally characterized.[40] This complex has been used as a catalyst for many years. (N.B A 

nickel (I) complex has previously been crystallographically characterized also.)  Encouraged by 

these results we turned our attention to the crystallization of the Zwitterionic complex [(C6H4-

CH2PtBu2-2-C6H4-CH2P(H)tBu2)2NiCl3], 2, which we were working on independently on a catalysis 

project.[41] Again, initially the crystallizing solution of this complex was placed adjacent to the 

stacked magnets and in this case the crystallization patterns were even more defined, as shown in 

Figure 2. Smaller crystals were formed near the magnet and larger crystals formed further away 

indicating that more nucleation was taking place adjacent to the magnets. In addition, there were 

noticeably clear areas adjacent to the magnets where there was no nucleation.  Similarly, when 

[(C6H4-CH2PtBu2-2-C6H4-CH2P(H)tBu2)2NiCl3] was crystallized with magnetic spheres were placed 

around a vial of a crystallizing solution a distinct patterning was observed on the vial walls as shown 

in Figure 2a. 
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A similar crystallisation pattern was obtained when dppf was reacted with [Ni(DME)Cl2] to give 

[(dppf)NiCl2]. A close-up view is shown in Figure 2b. 

  

(a) (b) 

Figure 2. (a) [(C6H4-CH2PtBu2-2-C6H4-CH2P(H)tBu2)2NiCl3] crystallised in a vial surrounded by magnetic spheres. 

(b) A close-up view of the pattern obtained in the crystallisation of [(dppf)NiCl2] in a vial surrounded by magnetic 

spheres, (the red inset shows the size of the spheres which were behind crystals). 

The pattern may be independently visualised using magnetic field paper, as shown in Figure 3. 

   

Figure 3. Visualisation of magnetic field pattern created by spheres using magnetic field paper. 

Since [(C6H4-CH2PtBu2-2-C6H4-CH2P(H)tBu2)2NiCl3], again exhibited the crystallisation 

properties particularly well it was chosen to look at crystallisation in a round bottomed flask, placed 

on top of circular magnets as shown in Figure 4. 
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Figure 4. Crystallisation of [(C6H4-CH2PtBu2-2-C6H4-CH2P(H)tBu2)2NiCl3] in a round bottomed flask on top of an 

array of circular and spherical magnets. Notice the concentric rings of crystals and the increase in the crystal size 

from top to bottom. (N.B the magnetic fields strengths may be seen in the supporting information). 

This turned out to be the most visually appealing result with concentric rings of crystals 

produced. The larger crystals are those which form first at a distance from the magnet and the very 

small crystls adjacent to the magnet indicate an increase in nucleation near the magnet. Boyed by 

these results several complexes were examined including diamagnetic complexes and similar 

properties were observed in each case. The simplest of these are [Ni(dppe)Cl2], [42,43] 3, dppe = bis 1,2-

diphenylphosphinoethane and [Ni(dppp)Cl2],[44,45] dppp = 1,3-bis-diphenylphosphinopropane, 

complexes which are red/brown. It was found that these too crystallised in a well-defined 3D pattern. 

Although the product complexes are diamagnetic (square planar Ni(II) metal centres) it is important 

to remember that the patterning behaviour may be a result of diffusion of any intermediate complexes 

which may be paramagnetic. When the magnets were placed directly into the crystallizing solution 

crystal rings were observed, Figure 5a. 

  
(a) (b) 

Figure 5. a, Crystallisation of [Ni(dppp)Cl2] around a circle of magnets b, Crystallisation of [Ni(dppp)Cl2] in a vial 

within circular magnets- using light to show the crystallisation pattern. 

In some cases where a very dense deeply coloured solution crystallises in a vial the human eye 

cannot detect an effect, but we observe that shining light through the sample reveals the 

crystallisation patterns, Figure 5b. At this point it is important to state that the crystallisation 
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phenomenon may be associated with the nickel precursor and thus the formation of a diamagnetic 

product does not necessarily mean that the phenomena apply to diamagnetic complexes. When the 

ligand triphos (triphos = tris- (methyldiphenylphosphino)methane) [46–49] was used we observed that 

the crystal formed grid pattern in the vial following field lines, Figure 6. 

  

Figure 6. Crystallisation of [Ni P,P-(ƞ2- triphos)Cl2] showing the crystals reaching into solution following field 

line patterns. These crystals form suspended fragile grids which collapse on agitation. 

The crystals of ‘NiTriphos’ were shown to have a disordered nickel ion centre, with a mixture of 

either tetrahedral or square planar geometry (at 12:88 ratio), along with an associated disordered 

DCM solvate to compliment filling the cavity. (The split forms are shown in Figure 7).  The unit cell 

is effectively a match with the known square planar complex [50,51] which although recrystallized 

from THF, shows no solvent in the structure but does contain suitable void spaces. Thus, it does 

appear as though the magnetic field is inducing some change of the nickel centres into the tetrahedral 

geometry. 

(Two further crystals (TriphosNiCl2_C2 and TriphosNiCl2_ C3) have been attempted from that 

same batch which gave the same unit cell, and upon solving produce slightly different ratios (16:84 

and 13:87)), showing that there is a little variation in the effect of the magnetic field as to the formation 

that occurs).  

In one final case we looked at the formation and crystallisation of [(PPh3)2NiCl2].[52] It is well 

known that it may form both tetrahedral and square planar complexes depending on the nature of 

the solvent used. We would expect in the square planar complex would form because we are using 

dichloromethane as solvent and indeed that is the case, but this apparently simple preparation turned 

out to be the most complex. 

  

Figure 7. Tetrahedral and square planar complexes of P,P-[(1,1,1-tris(diphenylphosphinomethyl)ethane)NiCl2]. 

(CCDC = 2422622). Full crystallographic data is given in the supplementary section). 

We studied the formation over 20 times using even more powerful magnets and on many 

different scales; the crystallising solution indicated the presence of many powdered products in 

addition to the crystalline material. The solution was always violet coloured, yet an off-white 
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precipitate also formed which we initially thought was ligand. However, this powder was stacked 

on the tube wall nearest the magnets and it could be physically moved inside the vial by moving the 

external magnets and it was strongly attracted to the external magnets in real time. This manifestation 

of bulk magnetic properties was an intriguing observation.  The nature of this white powder is 

unknown and thus clearly this is an avenue of research which requires further exploration. 

Additional photographs of the crystallisation the complexes described here are included in 

supporting information.  

2.2. Part B: Nickel and Zinc Cluster Complexes 

The work was continued, and the focus was moved to the crystallisation of some different nickel 

and zinc cluster complexes. Again, four neodymium (NdFeB) block magnets (60 x 30 x 15 mm) and 

the samples were placed in 30cm3 vials adjacent to the magnets. Initial observations were that by 

placing sample vials containing solubilised paramagnetic complexes alongside an MCT, the product 

crystallises in a patterned orientation preferentially along the MCT / sample vial interface. This was 

demonstrated neatly using heptanuclear psuedo metallocalix[6]arene complexes 

[(MeOH)2Ni(II)7(OH)6(L)6](NO3)2] [37] (CCDC = 758960) and [(MeOH)2Zn(II)7(OH)6(L)6](NO3)2,, 

CCDC = 758961, (where LH = 2-iminomethyl-6-methoxyphenol). [37] More specifically, the green 

solution of the paramagnetic Ni(II) analogue crystallised along regions of higher magnetic field as 

highlighted using magnetic paper (50mm x 50mm) and illustrated in Figure 8. To show that this is a 

paramagnetic effect, magnetic crystallisation studies on the analogous diamagnetic Zn(II) complex 

([(MeOH)2Zn(II)7(OH)6(L)6](NO3)2; CCDC = 758961) [53] were carried out and were found to give  

no preferential crystal growth distribution. These observations can be more clearly observed via the 

video clip (see supporting information). 

 

Figure 8. (a) A magnetic crystallisation tower (MCT) alongside a sample of [(MeOH)2Ni(II)7(OH)6(L)6](NO3)2 

(6) (L = 2-methoxy-6-[(E)-(methylimino)methyl]phenol; b and c), whose green hexagonal crystals are forming in 

alignment with the high magnetic field regions of the MCT. These regions are highlighted by the dark domains 

demonstrated using magnetic paper.  Colour code: Ni (green), O (red), N (blue) and C (grey). Hydrogen atoms 

have been omitted for clarity. 

For the third and final example we present the directed crystallisation of the previously reported 

1-D coordination polymer [Dy(III)(OAc)3(MeOH)]n. [54,55] This was carried out by dissolving the 

initially prepared dimeric complex [Dy(III)2(OAc)6(H2O)4].4H2O in methanol to give a 17.46 mM 

solution of the resultant polymer.  This methanolic solution was placed next to a MCT and over the 

space of 24 hours a white polycrystalline sample of [Dy(III)(OAc)3(MeOH)]n crystallised 

preferentially at the sample vial – MCT interface as highlighted in Figure 9a (see accompanying video 

clip in ESI). An identical solution was crystallised away from the MCT, giving a uniform layer of the 

polymer at the bottom of the sample vial. As shown in Figures 9b and 9c, single-crystal X-ray 
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diffraction data on this complex (CCDC = 2424601) confirmed polymer formation (CCDC = 727044; 

for a comparison of the unit cells see Table S8). 

 

Figure 9. Photograph of the localised crystallisation of the coordination polymer [Dy(III)(OAc)3(MeOH)]n [54] 

alongside a crystal structure representation (b) and its corresponding packing arrangements (c). Colour code: 

Dy (yellow), O (red), C (grey) and H (black). Most hydrogen atoms have been omitted for clarity. 

3. Concluding Comments 

The mechanism of the crystallisation process is of general interest. Clearly the diffusion and 

migration processes are of interest in addition to crystal nucleation and growth. In some test reactions 

it was possible to observe bulk diffusion and solution perturbations, caused directly by external 

magnets, however these tended to be using very strong magnets, rather than the ones described here. 

The nucleation process is of special interest as the initial crystallisations clearly must be directly 

affected by the magnetic fields – the locations of the highest concentration of metals ions in solution 

are likely to give rise to preferential nucleation.  Thereafter the actual crystal growth also may be 

affected by the external field.  At this point there are no general rules except that the phenomenon 

of crystal patterning seems to be a general one.  

These findings are, to the best of our knowledge, only the second report concerning the 

crystallisation of paramagnetic complexes using commercially available Nd magnets and the first to 

construct purpose built MCTs (and other elaborate set-ups) to aid the crystallisation process. We are 

currently working on directing metal surface attachment of pertinent magnetic materials through the 

careful placement of a metal plate within the required paramagnetic solution and parallel with our 

MCT structure. We aim to control this surface coverage by using suitable ligands to construct target 

magnetic complexes. For instance, ligands with thiol or thioacetate groups at their periphery will be 

directed in a controlled manner via favoured Ag-S bond formation, effectively anchoring the metal 

complex to the gold plate. We envisage application in the surface attachment of (for instance) 

magnetic coolant materials as required for their effective operation. We will also crystallise known 

magnetically interesting materials (e.g. chiral magnetic complexes) in the presence of our MCTs to 

probe any resultant structural changes as even minute modifications can cause significant changes in 

magnetic behaviour. Clearly this work can lead to interesting scholastic activities with pupils and 

students using these techniques for classroom activities provided the requisite safety precautions are 

taken in handling magnets. It is envisaged that many metal complexes will behave in the manor 

described here. We also would like to use electromagnets and rotating field magnets in future 

experiments as well as experiments carried out directly in MRI instruments, given the implications 

of this work in biology, in particular brain chemistry.    

4. Materials and Methods 

The Materials and Methods are described in supplementary information section which includes 

figures showing the experimental layouts and visuals of the magnets used in the experiments. 
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Supplementary Materials: The following supporting information can be downloaded at: 

www.mdpi.com/xxx/s1, Crystallographic data with tables and a total of 27 figures, S1-S27 are available in the 

supporting information file.  
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