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Abstract: A Pt(II) complex, bearing an oligo-ethyleneoxide pendant, is able to self-assemble in ultra- 

long ribbons that display mechanochromism upon nanoscale mechanical stimuli, delivered through 

atomic force microscopy (AFM). Such observation paves the way to fine understanding and manipulation 

of the mechanochromic properties of such material at the nanoscale. AFM allows quantitative assessment 

of nanoscale mechanochromism as arising from static pressure (piezochromism) and from shear-based 

mechanical stimuli (tribochromism), and to compare them with bulk pressure-dependent luminescence 

observed with diamond-anvil cell (DAC) technique. Confocal spectral imaging reveals that 

mechanochromism only takes place within short distance from the localized mechanical stimulation, 

which allows to design high-density information writing with AFM nanolithography applied on 

individual self-assembled ribbons. Each ribbon hence serves as an individual microsystem for data 

storage. The orange luminescence of written information displays high contrast compared to cyan native 

luminescence; moreover, it can be selectively excited with visible light. In addition ribbons show 

photochromism, i.e. the emission spectrum changes upon exposure to light, in a similar way as upon 

mechanical stress. Photochromism is here conveniently used to conceal and eventually erase information 

previously written with nanolithography by irradiation. 

1. Introduction

Luminescence mechanochromism, defined as a change of emission spectrum upon mechanical 

stress, has recently emerged as a powerful novel tool for a variety of applications, ranging from 

sensing and tracking of mechanical stress to data storage and security.[1] In particular, fluorescence- 

based read-out has attracted large interest in data storage and encryption. Indeed, extreme 

miniaturization of memory units became possible owing to single molecule sensitivity and to high 

spatial resolution achievable with super-resolution microscopy techniques, with the potential to 

provide massive increase in information density and capacity.[2] 

mailto:decola@unistra.fr
mailto:damianogeno@gmail.com


The race for miniaturization and read-out speed demands high brightness and large signal 

substrates for data storage, encryption and security at the nanoscale. The tip of an atomic force 
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differences between two or more states. In the most desirable case, a switchable system should 

feature two forms both providing intense signals, clearly distinguishable from one another, and 

addressable independently.[3] As a consequence, an ideal mechanochromic system features high 

quantum yield of both “native” (N) and “mechanically stressed” (MS) forms, large differences 

between their emission spectra, and large differences in excitation spectra, so that each form can be 

selectively excited and efficiently detected. In recent years, a broad selection of Pt(II) complexes has 

been prepared, which display mechanochromism, and which respond to some of these 

requirements.[4] However, the possibility of using them in novel high-density memory materials was 

never explored so far. Indeed, microcrystalline mechanochromic powders can be employed for 

macroscopic devices,[5] but they cannot provide the microscopic homogeneity needed for a memory 

substrate to be employed in operations such as exposure, writing and reading of high-density data at 

the nanoscale level. 

De Cola et al. has recently shown[6] that supramolecular weak interactions among adjacent Pt(II) 

complexes can be efficiently employed to self-assemble into ultra-long ribbons by means of solvent- 

assisted growth, leading to millimeter long structures with high level of control on the intimate 

molecular structure, photophysical properties and aspect ratio. 

Here we report that such Pt(II)-based ribbons show intense mechanochromism, and owing to their 

flatness and homogeneity within tens of microns scale, they allow for quantitative description of 

their responsivity to mechanical stresses from the bulk to the nanoscale. Furthermore, we show that 

such mechanochromic and photochromic self-assembled ribbons can serve as homogeneous micro- 



microscope (AFM) was used to write submicron features with high fidelity on single ribbons, which 

are individually used as homogeneous memory substrates. Furthermore, the information written by 

(−) transitions. The high PLQY of the ultra-long ribbons compared to the poor emission of
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AFM can be hidden by means of irradiation: light can indeed reduce and eventually cancel out the 

luminescence contrast between written and unwritten regions of the ribbon, leading to secure 

erasing the mechanically written information. 

2. Morphology, Photophysics and mechanochromism

Supramolecular weak interactions were recently found to lead the self-assembly of Pt(II) complex 1 

in ultra-long ribbons, in which Pt···Pt interactions did not take place.[6] This finding led us to explore 

the possibility of triggering metallophilic interactions by applying external stimuli to a self-assembled 

system. The ribbons display typical length between 250 m and 5 mm, and an approximately 

rectangular cross-section of aspect ratio about 1:10, featuring thickness in the range of 2–5 m and 

width in the range of 15–50 m (Figure 1). 

The ultra-long ribbons are bright cyan luminescent, and they can be individually observed by naked 

eye with a UV lamp (Figure 2f). They show a featureless band in the excitation spectrum in the UV 

region with an onset down to 420nm, and a structured emission band peaking at 466, 494 and 527 

nm with photoluminescence quantum yield (PLQY) , value of 0.20. The relatively long excited state 

lifetime ( = 1.1 s) reveals the triplet character of the emitting state. The emission profile is typical 

of Pt complexes in absence of Pt···Pt interactions, and can be attributed to mainly ligand centered 



complex 1 in solution (=) indicates that aggregation induced emission (AIE) is taking place 

(native “N” form aggregation state).[6] 

metallophilic interactions responsible for the yellow emission of MS (sketch in Figure 2b). 
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Upon grinding in a mortar, ribbons are crushed to a powder (hereafter referred to as mechanically 

stressed “MS” form, movie M1 in Supplementary Information) which displays profoundly different 

photophysical properties as compared to native ribbons: a broad luminescence band appears, 

corresponding to bright yellow-orange emission (em= 598 nm, =0.51), shifted by 130 nm (4737 cm- 

1) with respect to the ribbon native luminescence and displaying a shorter, multiexponential decay 

(intensity weighted average excited-state lifetime, av, 514 ns). Such a broad, bathochromically 

shifted luminescence band is ascribed to a triplet-manifold excited state with metal-metal-to-ligand 

charge transfer nature, 3MMLCT, due to the establishment of metalmetal interactions in the new 

aggregates.[7] As shown in Figure SI1 and SI2 of the Supporting Information and similarly to what 

previously reported in literature,[8] X-ray diffraction patterns reveal that while native ribbons are 

highly microcrystalline, the powder obtained after thorough grinding is largely amorphous, with size 

of the crystalline domains reduced by roughly two orders of magnitude from ca. 1 micron to ca. 20 

nm upon grinding. Moreover, we observe that a broad peak centered at 2 = 26.6 appears in the 

XRD spectrum of MS, which is consistent with a distribution of Pt···Pt distances centered at d = 3.34 

Å, i.e. short enough to trigger metallophilic interactions (Figure SI3). Therefore, and consistently with 

recent literature on mechanochromism of Pt(II) complexes, we can interpret the photophysical 

transformations observed in native ribbons N, upon application of mechanical stress, as the breaking 

of long order microcrystalline domains –in which adjacent Pt atoms are too far to interact– into 

smaller nanocrystalline aggregates, in which adjacent Pt atoms can come closer and promote the 



Noteworthy, this emission color change can be appreciated –even for a single ribbon – by the naked 

explored pressure range. Emission spectra taken upon 405 nm excitation revealed that 

This article is protected by copyright. All rights reserved. 

6 

eye or with a simple CCD sensor. Such sharp color contrast arises from the high quantum yields of 

luminescence for both – N and MS – forms, and from the large bathochromic shift from the 450-480 

nm to the 600 nm region of the visible spectrum, namely the region where human eye and color CCD 

sensors are most sensitive, both in terms of absolute intensity and of color detection.[9] In addition, 

also the excitation spectrum features important variations, in particular concerning the appearance 

of a new band in the region 400-550 nm. This suggests that the ground state is also significantly 

affected by Pt···Pt interactions, which are also responsible for the new luminescent 3MMLCT state 

(Figure 2c). This remarkable change in the excitation spectrum is rather exceptional, since commonly 

observed variations are limited to band broadening.[5b, 8b] This finding is of extreme importance, since 

the new band allows for selective excitation of the mechanically stressed material (MS form), which 

can thus be detected with high sensitivity. 

Despite the presence in the literature of reports showing mechanochromic behavior for Pt(II) and 

other complexes,[4, 10] quantitative information on the mechanical stresses involved in such structural 

and photophysical transformations is currently largely lacking. Quantitative information is available 

for piezochromic and tribochromic crystals of organic molecules.[11] With the aim of reaching a 

quantitative description of the relationship between mechanical stresses and photophysical  

changes, luminescence measurements were performed versus increasing hydrostatic pressure using 

the diamond anvil cell technique (DAC, see SI for further details). This technique allowed for 

application of uniform pressure over the whole ribbons, avoiding local phenomena such as friction 

and scratching or internal shear and material fracturing, none of which were observed over the 



mechanochromism takes place when the applied pressure ranges between 5 and 25 kbar, with the N 
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form spectrum disappearing while the spectrum of MS correspondingly grows (Figure 3). If a higher 

pressure is applied, we observe further bathochromic-shift of the emission spectrum which, 

however, is not permanent, since it returns to the MS form emission upon release of pressure. This 

latter, temporary bathochromic shift of the emission can be ascribed to an even closer spacing 

between adjacent Pt(II) centers, which can be reached when higher (>30 kbar) hydrostatic pressure 

is homogeneously applied to the ribbons. 

Interestingly, even at high pressure it is still possible to observe the presence of some native (N) 

form (peaks at 466 and 494 nm) indicating only a partial conversion, while manual grinding with a 

mortar leads to a complete conversion from the N to the MS form (Figure1). This observation 

suggests a more efficient mechanochromic response as arising from friction (tribochromism) 

compared to hydrostatic pressure (piezochromism). Quantitative assessment of the efficacy of 

friction is challenging in bulk measurements, and this motivated us to investigate the 

mechanochromism at the nanoscale under controlled experimental conditions. 

3. Mechanochromism at the nanoscale

The optimal morphology (flat and homogeneous on the length scale of tens of microns) and 

photophysical properties (bright contrast upon scratching) of the ultra-long ribbons allowed for the 

first investigation of Pt(II) complexes mechanochromism at the nanoscale, with the final aim of 

demonstrating the applicability of these materials in high density memory and data encryption. 



We used an AFM as a nanoscopic mechanical stimulation tool, whose spatial resolution is given by 

of mechanochromism in a similar pressure range. Differently from what observed in DAC 
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the effective sharpness of the tip during typical experimental procedure. The AFM is used in contact 

mode, generating the mechanochromic response with fine control on the applied force, on the 

position, and on the geometry of the system. Detection is fast and sensitive, based on 

photoluminescence microscopy methods: wide-field microscopy coupled to the AFM setup provides 

real-time monitoring of the lithography process, and confocal spectral imaging yields high-resolution 

spatial and spectral information. The generated mechanochromism is persistent and stable at least 

for months. Mechanochromism can be triggered in two different ways (sketched in Figure 4a), which 

are here used to modulate the mechanical stress from static pressure (piezochromism) to forces 

associated with high friction (tribochromism),[12] and thus to extract quantitative information on the 

mechanism leading to the luminescence change. 

Mechanochromism is triggered by static pressure (piezochromism) when a constant force, measured 

after calibration of the tip, is applied locally on the ribbon by the AFM tip. Since the tip does not 

move in respect to the sample, static local pressure can be quantitatively estimated from the applied 

force and the contact area during the application of mechanical stress. Tip geometry is assessed by 

means of SEM directly after use of the tip: we observe different degrees of wear and of 

contamination of the tip, but we can estimate an average contact surface with diameter ranging 

between 80 and 150 nm (see Figure SI4 of the Supporting Information). We observe first occurrence 

of mechanochromism at about 15 N force (Figure 4c, white circles), which corresponds to local 

pressure in the range 2–7 kbar according to the actual contact area. This value is in very good 

agreement with quantitative information obtained with DAC technique, which showed appearance 



experiments, when a static force larger than 40 N (corresponding to 6–20 kbar according to the 

actual contact area) is applied locally with the AFM tip, fiber fracturing occurs. At such loading, the 

indicates that at least two aggregation forms can be obtained upon controlled mechanical stimuli, 
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AFM tip enters deep into the fiber and originates a sudden burst of debris of scratched luminescent 

MS material (Figure 4i). 

Mechanochromism is instead originated by friction (tribochromism) through a scanning force: if the 

tip is scanned over the ribbon with constant applied force, the dominating mechanical stress likely 

shifts from compression to shearing forces. At low scan rates (<10 m/s) we observe a similar trend 

as for the simple pressure experiment, except that an earlier onset of mechanochromism can be 

detected, with MS emission first observed at 4 N applied force, as well as an earlier damage of the 

fiber (15 N). At high scan rates (>100 m/s) or on particularly rough surface regions, ribbons can be 

heavily scratched even at very low forces (ca. 1 N, data not shown), while ribbon wear and debris 

scattering increase due to high friction and to increased lateral forces (Figure 3c, black circles and 

Figure 3j). 

Such results demonstrate that both tribo- and piezochromism can be triggered at the nanoscale by 

an AFM tip, with the friction related mechanism being more efficient than simple pressure in 

triggering the optical response. 

It has to be noted that the emission spectrum of MS obtained with AFM stimulation is centered at 

570 nm, while scratching fibers to different extents results in emission maxima ranging from 580 to 

600 nm, as measured in the same confocal setup (see Figure SI5 in Supporting Information). This 



corresponding to different PtPt distances, which spectrally match with two metastable aggregation 

forms observed previously for the same complex.[6] 

very small mechanochromic effects. 
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4. Data storage and photoconversion

Very importantly, no self-propagation of mechanochromism is observed along the ribbons. When an 

AFM tip contacts the surface and applies pressure at the contact area between tip and ribbon, 

mechanochromism is observed only in the very vicinity of the tip, within the resolution limit of 

fluorescence microscopy. Even when the tip enters deep into the material and destroys the fiber, 

the fracture and the consequent mechanochromism occur in a small and confined region, ascribable 

to the size of the whole tip cone. 

This observation, together with the strong tribochromism and the dramatic change in the 

photoluminescent properties, led us to test the potential of the ultra-long mechanochromic ribbons 

as memory microsystems, by using the tip of an AFM as a lithographic tool to write information on 

individual ribbons, following an approach similar to nanoshaving[13] or nanoscratching.[14] During the 

writing process, we can monitor the ribbon luminescence with UV light excitation, or visualize what 

is being written by selectively exciting the MS form with visible light. The information stored can 

indeed be read with two different excitation wavelengths: UV excitation (exc either 355 or 405 nm) 

excites both N and MS forms, and provides an average vision of the emission properties of the 

ribbons; blue excitation (exc 488 nm) excites selectively the MS form, and is thus able to report even 



We use software-controlled nanolithography in contact mode to write information with submicron 

resolution (Figure 5). A 7 letter-long word (“Mechano” or “Chromic”) is written with high resolution, 

monitor its state, in real time and real space, with high resolution. In particular, we monitored the 
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with each line composing the letters featuring FWHM in the range 400-700 nm, approaching the 

diffraction limit of confocal detection with a NA 1.3 objective (Figure 5c-d). The high color contrast 

allows for easy detection and reading of the stored information, as apparent from the real-color 

coded confocal spectral images in Figure 5. Similarly to static vs. dynamic mechanical stresses 

discussed above, shear stress plays a key-role also in AFM nanolithography. At low writing speed 

(<10 m/s, Figure 5a) the ribbons are engraved with shallow trenches and the resulting information 

is detectable and clearly distinguished from the cyan background. When the speed is increased to 

maximally 100 m/s, upon the same applied force (24 N), deeper trenches are engraved, yielding 

more intense signal but also scattered debris which undermines the readability of the stored 

information (Figure 5b and movie M2 in Supporting Information). 

Finally, the ribbons are responsive not only to mechanical stresses, but also to light stimuli. 

Photoconversion of native N form occurs indeed upon excitation with UV or blue light: by using 

focused laser excitation (405 nm or 473 nm) in a confocal microscope setup, prolonged irradiation 

results in photo-conversion of the native blue emitting ribbons into yellow emitting ribbons (PC 

form). The latter show a very similar luminescence spectrum as the mechanically stressed form. 

Despite the lack of local information on the crystalline structure, the similarity of the photophysical 

properties between PC and MS forms indicates a substantial analogy between the transformations 

taking place within the microcrystalline ribbons upon energy feeding by either light or mechanical 

stimuli. In addition, photostimulation allows to simultaneously deliver energy to the system and to 



state of aggregation of complex 1 through continuous acquisition of emission spectra by irradiating 

observation of kinetics involving an autocatalytic model indicates that nuclei growth –i .e. 
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at 473 nm, an excitation wavelength which ensures low irradiation intensity of the native ribbons N 

(which only display a residual absorbance at 473nm) and that maximizes the signal of the developing 

yellow-emitting PC state. After normalization, the emission spectra –plotted in Figure 6a– reveal that 

photoconversion is a continuous, gradual process, which causes a progressive bathochromic shift of 

the emission until a final state (PC) is reached, with a similar (although somewhat broader) emission 

spectrum as MS. The comparison of the intermediate spectra with a linear combination of first and 

last spectra clearly shows that photoconversion proceeds through several intermediate species, 

similarly to what also observed for mechanical stimulation (see Figure SI6 and SI7 in Supporting 

Information). 

An accurate analysis of the evolution of the yellow emission signal provides useful insight on the 

kinetic mechanism of the photoconversion.[15] Even though a detailed discussion on the mechanism 

is beyond the scope of this paper, we report that the trend of the onset of yellow emission during 

photoreaction shows satisfactory matching with two different sigmoidal models for solid state 

kinetics, which have been used to describe autocatalytic reactions, i.e. the Prout-Tompkins and the 

JMAEK (Johnson–Mehl–Avrami–Erofe’ev– Kolmogorov) models (Figure 6b).[16] Microcrystalline 

ribbons indeed display different local energies along their structures, arising from defects due to 

impurities, surfaces, edges, dislocations, cracks, and point defects. At such imperfections the 

reaction activation energy is minimized, hence they are sites for reaction nucleation where 

photoconversion likely starts to produce different molecular arrangements than the one of native 

ribbons N, and in such new arrangements adjacent Pt(II) atoms can interact more closely. The 



photoconversion evolving from imperfections of the ribbons– promotes formation of new 

AFM tip cannot be distinguished anymore after photoconversion. Hence, the information written by 
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imperfections such as dislocations or cracks at the reaction interface. The inversion point and the 

final plateau of the sigmoidal shape result from the termination step, which occurs when the fusion 

of reaction nuclei becomes more probable than branching, i.e. when a large part of the material has 

photoreacted. 

Photoconversion is particularly efficient at relatively low irradiation rates, since at high excitation 

power other deactivation paths leading to photodegradation of Pt(II) complexes prevail over 

photoconversion. The prolonged exposure time needed to reach the maximum photoconversion 

efficiency (several hours), together with the low irradiation power (<1 µW), suggests that photo- 

conversion relies on a purely photoassisted mechanism and does not involve heat, which is instead 

dissipated within much a shorter time. This is also supported by the observation that ribbons 

exposed to conventional heat sources (oven or hot-plates at 100 °C) do not undergo any observable 

photophysical or morphological transformation. 

Photoconversion can be conveniently used to locally erase information which has been written with 

mechanical nanolithography. We chose to test a ribbon with information written at high speed (100 

m/s maximum scan rate) in order to have the highest possible MS signal to be deleted. The high MS 

signal is due both to deep trenches and to strongly luminescent debris. Figure 7 shows a written 

region of a ribbon which, starting from blue-yellow contrast owing to N and MS forms, turns 

completely to a yellow luminescent form (PC or MS) within 2 hours upon exposure to a focused 405 

nm laser source. The zoomed out bottom image in Figure 7 reveals that the photoconversion only 

occurs locally, within the irradiation rectangle, and confirms that information written therein with 



mechanical nanolithography is efficiently hidden and no longer readable, unless high-resolution 
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spectral detection and analysis are performed to retrieve extremely low spectral differences, which 

are currently beyond the standard resolution of confocal spectral imaging. Such minimal spectral 

differences could in principle be exploited for application in steganography, a technique based on 

hiding relevant information behind other, non-relevant information, while only retrievable with a 

specific key, i.e. a specific spectral fingerprint. 

5. Conclusions

In this contribution we have shown that ultra-long ribbons, obtained by the self-assembly of Pt(II) 

complexes in the absence of Pt···Pt interactions, display high-contrast photoluminescence tribo- and 

piezochromism. Owing to their excellent flatness and homogeneity in the tens of microns scale, the 

self-assembled ribbons are perfect candidates for nanoscale investigations and for application as 

individual microsystems for data storage and security. 

We have investigated with an AFM tip the mechanochromic response as arising from simple 

pressure (piezochromism) or friction (tribochromism) on individual ribbons. Moreover, we found 

that the mechanochromic response is highly localized: no propagation of mechanochromism was 

ever observed in the ribbons. 

Following these observations, we proved that mechanochromism can be used to leave luminescent 

traces of mechanical stress with high fidelity, conserving the spatial resolution of the stressing agent. 

The tip of an AFM was thus used to write sub-micron features on individual ribbons, which are hence 

used as single memory substrates. 



Finally, the ribbons are also responsive to photostimulation: UV light converts the blue emitting N 
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form of the ribbon into a yellow emitting form (PC), featuring very similar luminescence as to that of 

the mechanically stressed form MS. Therefore, light reduces and eventually cancels out the 

luminescence contrast between written and unwritten regions of the ribbon. Information written by 

AFM can thus be securely erased by means of irradiation. 

List of acronyms. AFM, Atomic Force Microscope; AIE, Aggregation Induced Emission; DAC, 

Diamond Anvil Cell; FWHM, Full width at half maximum; JMAEK, Johnson-Mehl-Avrami-Erofeev- 

Kolmogorov; MMLCT, Metal-Metal to Ligand Charge Transfer; MS ,Mechanically Stressed 

Aggregation Form; N, Native Aggregation Form; NA, Numerical Aperture; PC, 

Photoconverted Aggregation Form; PLQY, Photoluminescence Quantum Yield. 
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Figure 1. (a-c) SEM images of ultra-long ribbons at different magnifications. (d) Cross-section image 

of a typical ribbon reconstructed by z-stacking confocal photoluminescence microscopy, showing an 

approximately rectangular cross-section with aspect ratio of about 1:10. (e,f) Confocal microscope 

images of typical ultra-long ribbons (color coded spectral images, wavelength range 400-700 nm, exc 

= 375 nm). 
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Figure 2. Chemical structure of the neutral tridentate Pt(II) complex 1 (a) and cartoon showing the 
 

principle of its mechanochromism, where a long crystalline domain with largely spaced adjacent 
 

Pt(II) complexes is transformed into smaller aggregates with poor crystallinity and shorter Pt···Pt 

distance (b). (c) Excitation (dashed lines, emis=528 nm for the N and 598 nm for the MS forms) and 

emission spectra (solid lines, exc=300 nm) of the N and MS species (cyan and orange lines, 

respectively). Bulk mechanochromism is clearly observed upon grinding the N form with a pestle in a 

mortar: photographs of luminescence under top-bench UV lamp (365 nm) before (d) and after (e) 
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grinding with a pestle. (f) Photograph of ultra-long ribbons deposited on a cover glass slide under UV 

lamp irradiation (exc = 365 nm); individual ribbons are clearly visible; scale bar is 2 mm. 

 

 
 

 

Figure 3. Emission spectra of Pt(II)-complex ribbons excited at 405 nm as a function of hydrostatic 

pressure in a diamond anvil cell (DAC, sketched in inset), two sequential cycles of pressure increase 

up to ca. 30 kbar and pressure release. The small sharp peaks centered at 694 nm are due to weak 

(off-focus) emission of a ruby microcrystal. 



This article is protected by copyright. All rights reserved. 

22 

 

 

 

 
 

perpendicular to the sample, red arrow) and (ii) shearing forces due to friction originated by 

scanning force (constant perpendicular force plus x-y scanning, both red and blue arrows). (b) 

Micrograph of AFM cantilever approaching a ribbon, overlap of photoluminescence (HC-QD filter 

set) and bright field images. (c) Plots of MS luminescence intensity (mean values and error bars were 

obtained from three different experiments) during application of static force (piezochromism, white 

circles) or after writing squares at scan rate 10 m/s (tribochromism, black circles). Asterisks denote 

the breaking point, i.e. the force at which the ribbon is heavily damaged by the tip, resulting in 

sudden bursts of MS luminescence. (d-i) Nanoscale piezochromism: luminescence microscopy 

images (FITC filter set) taken during application of static force increasing from 0 to 40 N from d to 

h, while i shows the MS luminescence burst at the breaking point. Scale-bar is 5 m. (j) Nanoscale 

tribochromism: confocal microscopy image of ribbon exposed to shear stress due to scanning force. 

Applied force is linearly increased in squares from left to right from 2 to 12 N. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. (a) Sketch of nanomechanical stresses applied with AFM: (i) static pressure (only force 
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Figure 5. Nanolithography on ultra-long ribbons. Confocal spectral images of ribbons engraved with a 

7 letter-long word (“Mechano”) by means of AFM nanolithography conducted at (a)10 m/s or (b) 

100 m/s maximum scan rate, with constant force = 24 N. Excitation wavelength, emission spectral 

window and objective used are 488 nm, 490-700 nm, 63x NA 1.3, respectively. (c) and (d) Intensity 

profiles of yellow emission across written letters showing the spatial resolution of data storage. 
 

Peak-to-peak distance of adjacent resolved lines (d, profile taken from letter “h” across dashed red 
 

line in figure 5a) and FWHM of a single line (c, profile from letter “a” of the word “Mechano” across 
 

dashed red line in figure 5a). Black lines and dots denote the experimental intensity profiles, red 
 

dotted lines are Gaussian fits. 
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Figure 6. Photoconversion of ribbons luminescence color. (a) Emission spectra of N (cyan line), MS 
 

(orange line) and during photoconversion of N into PC (gray intensity lines, shifting 
 

bathochromically), under continuous irradiation at 473 nm, at low power (500 nW, objective NA 

1.3). Spectra were taken with a high-resolution spectrometer in a confocal setup, exc=473nm and 

emission filter cut-off at 485nm. An emission spectrum of N in a fluorimeter (dashed blue line, 
 

exc=375nm) is also plotted for comparison. (b) photoconversion fraction kinetic curve, obtained by 

normalized luminescence in the range 600 – 620 nm, (t) = [I(t) – I(0)] / [I(∞) – I(0)]. Emission 

spectra were taken during photostimulation at irradiation intensity 190 W. Experimental curves 

(black) are satisfactorily fitted with two models for autocatalytic solid state reactions, i.e. the Prout- 
 

Trompson (red line) and the JMAEK (green line) models. 
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Figure 7. Photoconversion of ribbons luminescence color used to hide information written with AFM 

nanolithography (7 letter-long word “Chromic” was written at 100 m/s maximum scan rate). Local 

irradiation at 405 nm is performed on a 50x70 m rectangle including the written information, with 

a 63x NA 1.3 objective, at nominal power 1 mW. The blue vs yellow contrast of the written 
 

information clearly fades during irradiation, and the word “Chromic” is not readable anymore after 2 
 

hours irradiation. Excitation wavelength used for imaging is 488 nm, emission spectral window is 
 

490-700 nm and objective used is 63x NA 1.3. The zoomed out image at the bottom, taken with a 
 

lower acquisition time and thus not saturated by the strong yellow emission, reveals that the 
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photoconversion only occurs locally within the irradiation area, and confirms that the information is 

securely erased. For all images, scale bars denote 10 m. 
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Flat, self-assembled ribbons of a Pt(II) complex are explored for their responsiveness to pressure, 

friction and light. The morphology of ultra-long flat structures allows to investigate mechano- and 

photochromism at the nanoscale, and it allows to translate these properties into function: individual 

ribbons operate as microsystems for data storage and data encryption upon microscopic mechanical 

and optical stimuli. 
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1) 
 

Steady-state emission and excitation spectra were recorded on a Horiba Jobin−Yvon IBH FL-322 

Fluorolog 3 spectrometer equipped with a 450 W xenon arc lamp, double-grating excitation, and 

emission monochromators (2.1 nm mm−1 of dispersion; 1200 grooves mm−1) and a TBX-04 single 

photon counting detector. 

 

Emission and excitation spectra were corrected for source intensity (lamp and grating) and emission 

spectral response (detector and grating) by standard correction curves. 

Time resolved measurements were performed using either the time-correlated single-photon 

counting (TCSPC) electronics PicoHarp300 or the Multi Channel Scaling (MCS) electronics NanoHarp 

250 of the PicoQuant FluoTime 300 (PicoQuant GmbH, Germany), equipped with a PDL 820 laser 

pulse driver. A pulsed laser diode LDH-P-C-375 (exc= 375 nm, pulse FWHM <70 ps, repetition rate 

200 kHz – 40 MHz) was used to excite the sample and mounted directly on the sample chamber at 

 

Photophysics 



detector. The data were acquired by using the commercially available software EasyTau (PicoQuant 
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GmbH, Germany), while data analysis was performed using the commercially available software 

FluoFit (PicoQuant GmbH, Germany). 

The absolute photoluminescence quantum yields (PLQY) were measured on a Hamamatsu 

Quantaurus-QY integrating sphere in air-equilibrated condition using an empty quartz tube as a 

reference. 

 
 
 

2) XRD measurement 

 
The powder X-ray diffraction (XRD) patterns of all the samples were obtained by Bruker AXS D2 

Phaser (LYNXEYE detector) using Ni-filtrated Cu-Kα radiation (λ = 1.5406 Å) with 1 mm of air- 

scattering slit and 0.1 mm of equatorial slit. Sample were deposited on the surface of single crystal Si 

wafer (cut of (911)). XRD patterns were collected with degree step of 0.016° and time step 

increments of 20 sec/step from 5 to 40°. The peak fitting was done using Bruker DIFFRACplus TOPAS 

(TOtal Pattern Analysis Solutions). 
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Figure SI1. Measured and simulated XRD graph of N aggregation form. Lattice and space group: 

Monoclinic (P2) with a= 23.02 Å, b= 2.49 Å, c= 12.88 Å and beta= 88.02°. Average crystal size as 

obtained from TOPAS analysis is 1.08 m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure SI2. Measured and simulated XRD patterns of ground sample (MS). Lattice and space group: 

Triclinic (P-1), a = 14.67 Å, b = 13.44 Å, c = 11.77 Å, alpha = 99.9°, beta= 102.8° and gamma= 105.3°. 

Average crystal size as obtained from TOPAS analysis is 17.9 nm. 
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Figure SI3. Zoom on the 2.5 – 5.0 Å region of experimental XRD patterns of native ribbons (N, black 

line) and of ground sample (MS, red line), where signals corresponding to typical Pt-Pt distances are 

expected. The broad peak appearing upon grinding can be attributed to a distribution of Pt···Pt 

distances centered at d = 3.34 Å, in the nanocrystalline MS aggregates. 

 

 

3) Photoluminescence under high pressure 

 
High pressure PL experiments were performed at ambient temperature using a screw-driven 

diamond anvil cell (DAC) from Diacell and a Witec CRM200 Raman microscope with a 405 nm 

excitation laser. PL was separated from the laser line with a 450 nm longpass filter and analyzed with 

a spectrograph and a CCD camera. Because of relatively modest pressures probed, the standard 

tedious procedure of preindentation and subsequent drilling of DAC gaskets was not applied. 

Instead, ready-to-use laser-machined (laser-drilled) gaskets out of stainless steel were used. Low- 
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nm). 

 

viscosity silicon oil served as a pressure transmitting medium. Ruby microcrystals were added to a 

sample in the DAC as a standard pressure sensor (via detection of the shift in ruby R-line emission at 

ca. 694 

4) AFM 

 
 

a. Sample preparation 

 
Samples were prepared by depositing self-assembled ribbons onto adhesive glass slides, in order to 

obtain ribbons directly accessible (not embedded in a matrix) but also fixed on a substrate, i.e. not 

moving during mechanical stimulation. For this purpose, glass slides were coated with a thin layer of 

partially photocured optical glue (NOA 81, Norland Products Inc.), obtained by spin coating (3000 

rpm, 30 s) followed by exposure to UV light (365nm, 30 s). 

All nanomechanical assays and lithographic patterns were performed with silicon tapping-mode 

cantilevers (k = 42 N m-1) on a commercial AFM (Asylum Research, MFP-3D AFM) in contact mode. 

The loading force was varied in the range 0-45 microN (set-point 0-10 V) as determined through 

calibration of cantilever deflection and measurement of its spring constant by thermal noise 

method. 

 

Piezochromism experiments - Static pressure was applied with an AFM tip operated in contact 

mode, engaged without scanning at increasing deflection voltages. A movie was recorded during 

loading, then intensity data was extracted with image analysis from signal integration in the green 

channel of the color CCD, on an area of 9 pixels centered on the tip (where the maximum 

luminescence intensity is recorded), and finally plotted versus applied force. 

 

Tribochromism experiments - Friction experiments were performed by writing squares of 20 m side 

at scan rate 10m/s (0.5 Hz) or larger. 

b. AFM 
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Nanolithography was performed by using built-in software (Asylum Research). 

 

with apexes measuring about 120 nm across. 

 
5) Fluorescence Microscopy 

 
3.1) Wide-field imaging 

 
Local fluorescence was monitored during mechanical stimulation by means of an inverted 

fluorescence microscope (Nikon Eclipse Ti) coupled to an AFM (Asylum MFP-3D) mounted on the 

stage. The microscope was equipped with a color CCD camera (Nikon Digital Sight DS-2Mv) and with 

two filter sets i.e. (i) HC-QD filter set (excitation/bandwidth 435/40nm, emission LongPass 500nm) to 

monitor the average luminescence from the ribbons and (ii) FITC filter set (excitation/bandwidth 

475/35nm, emission/bandwidth 530/43nm) to selectively monitor the luminescence from the 

mechanically stressed form. 

 

3.2) Confocal Spectral Imaging 

 
We used a Zeiss LSM 710 confocal microscope system equipped with built-in spectral module 

(„lambda-mode“ acquisition technique), 375nm, 405nm and 488nm excitation lasers, and 63x 

magnification NA=1.3 Zeiss LCI Plan-NEOFLUAR water immersion objective lens (Zeiss GmbH, 

Germany). 

 
 
 
 
 
 
 
 

 
Figure SI4 - SEM image of typical AFM tips after use (several hours stimulation and nanolithography), 
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Figure SI5 – Local spectra of ribbons exposed to different degrees of mechanical stress, obtained by 

confocal spectral imaging (excitation 405 nm): stimulation with scanning AFM tip (black line and 

dots), single ribbon scratched with needle (blue, yellow and green curves), and ribbons ground in a 

mortar and then deposited onto a coverglass (red curve). 

 

3.3) Photoconversion and Confocal Spectral Imaging with High Resolution 

 
Photoconversion measurements and high resolution confocal spectral imaging were performed with 

CombiScopeTM (AIST-NT). Light from a Diode laser (473 nm) was reflected by a dichroic mirror 

(Chroma Technology Corporation, 473RDC) and was then focused on the sample using an objective 

(Nikon, PlanApo, 60x, NA0.95) via a transmission configuration. Laser power at the sample surface 

was about 500 nW. Emission from the sample was collected by the same objective. The light passed 

through the dichroic mirror, a pinhole, and a longpass filter (Chroma Technology Corporation, 

HQ485LP) and was finally directed to a spectrograph (Andor, SR-163), equipped with a CCD camera 

operating at -85 ˚C (Andor, DU970P). 
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Figure SI6 – Luminescence spectra of ribbon acquired during photoconversion. Excitation 473 nm, 

cut-off longpass filter 485 nm, excitation power 500 nW. Red arrows indicate the directions of 

spectral variations upon irradiation. 

 

as linear combinations of starting and final spectra (right plot). Red lines indicate first and last 

experimental spectra, arrows indicate the directions of spectral variations. The linear combination of 

only two spectra does not account for the gradual spectral shift observed during photoconversion. 

All spectra are normalized. 

Figure SI7 – Comparison between normalized experimental spectra (left plot) and simulated spectra 
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6) Movies 
 

 

c. Movie M1_grinding 

 
Acquisition with smartphone camera under top-bench UV lamp illumination 

d. Movie M2_AFM nanolithography 

 
Nanolithography was performed by using built-in software (Asylum Research) on an AFM (Asylum 

MFP-3D) mounted on the stage of an inverted fluorescence microscope (Nikon Eclipse Ti). 

Acquisition of the time lapse was performed with a color CCD camera (Nikon Digital Sight DS-2Mv) 

and filter set HC-QD filter set (excitation/bandwidth 435/40nm, emission LongPass 500nm). 

 

 

 

 

 

Experimental values for photoconversion fraction were obtained by: 
 

(t) = [I(t)-I(0)]/[I(plateau)-I(0)] 
 

where  is the photoconversion fraction, t is time, I(t) the intensity at time t, I(0) the initial intensity, 

I(plateau) the intensity at the final plateau of the kinetic curve. 

 
 

 

Following the Prout – Trompkins model, the experimental values were fitted using the equation: 
 

(t) = exp(k*t + c) / (1 + exp(k*t + c)) 
 

where t is time, k the autocatalytic reaction rate (branching rate constant), and c the integration 

constant. 

7) Fitting of kinetic curves 
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Following the Johnson-Mehl-Avrami-Erofeev-Kolmogorov (JMAEK) model, the experimental values 

were fitted using the equation: 
 

(t) = 1 – exp[-(k*t)^n] 
 

where t is time, k the reaction rate (also called JMAEK parameter), and n describes the 

dimensionality of growth while nucleation. 

 
 
 

 

 

 

 
 

 

 


