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Composites based on nitroprusside cyano-bridged coordination polymer particles and chitosan for NO delivery
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Introduction

Nitric oxide (NO) is a gaseous radical molecule possessing numerous biological functions including gene regulation, vasorelaxation, vascular permeability, bronchodilatation platelet aggregation, angiogenesis, neuronal communication, hormone secretion, immune system, inflammation and wound healing. Therefore, delivery of controlled, quantifiable and biologically significant amount of NO is attractive for many in vitro and in vivo applications, such as curative, 1-4 antithrombotic, 5 anti-inflammatory, and antibiotic-based therapies. [6][7][8][9] However, its short half-live (between 0.1 and 5s in aqueous solutions), high chemical reactivity, rapid systemic clearance, instability in physiological conditions, lipophilicity and cytotoxicity render very difficult the direct delivery of nitric oxide by using classical methods. 10 Furthermore, for certain applications, the kinetics of NO delivery must be slow. This is particularly the case for the treatment of chronic wounds for which the inflammatory phase lasts too long to allow proper healing.

The employment of composite materials allowing the generation of NO in situ and therefore providing its controlled and local release (not systemic) has emerged as a unique strategy for the safe nitric oxide delivery reducing indeed unwanted side effects. 10 These materials usually encapsulate organic NO-donor molecules, such as S-nitrosothiols 12 and N-diazeniumdiolates, or nitrosylmetal complexes 13 into the host matrixes. 14 We can cite micro-and nano-scale materials, including functionalized polymers or dendrimers, [15][16][17] silica nanoparticles, 18, 19 zeolites, 20 gold clusters, 21 or Metal-Organic Frameworks, 22, 23 developed in the recent years, capable to produce and release NO at different rates and in different amounts. However, many of these employed organic NO donors suffer from carcinogenic or pro-inflammatory side products, which may limit their applicability. An alternative nitric oxide source is well-known under the name of sodium nitroprusside of the chemical formula Na 2 [Fe(CN) 5 NO]•2H 2 O, for which the hypotensive action linked with the NO release has been demonstrated first in 1929. Indeed, the aqueous solution of this compound is widely used in the clinical practice to induce hypotension during surgery through a fine control of its infusion rate, which allows adjustment of the blood pressure in a very effective and fast response without overshoot. 24 Similarly, nitroprusside is used in the treatment of chronic hypertension, in the management of myocardial infarction and other cardiac failures. It is capable of releasing NO enzymatically, non-enzymatically when in the presence of vascular tissue and reducing agents or activated by light irradiation with the quantity of 1 mole of NO per mole of nitroprusside. 25 However, the employment of nitroprusside is restricted because the NO delivery is accompanied by the compound decomposition inducing the liberation of free cyanides. Moreover, another important inconvenient of nitroprusside consists in its important instability in aqueous solutions when exposed to light and therefore the impossibility of the slow and controlled NO delivery. In order to overcome this problem, several works have reported the encapsulation of nitroprusside into silica nanoparticles in order to protect Another possibility to render nitroprusside more stable consists in its integration as a building block in the cyanobridged coordination polymers of general formula M x [Fe II (CN) 5 (NO)] (where M = mono-(x = 2) or bivalent (x = 1) metal ions). These bulk compounds present a cubic structure (Fm3m space group) for M = bivalent transition metal ions 26 and a monoclinic one (Pc space group) for M = monovalent ions. 27 Recently, the photodegradation of these compounds in water under irradiation by white light has been investigated and a structural re-organisation to Prussian blue or its analogues occurred after irradiation and the NO departure has been demonstrated by means of infrared and Mössbauer spectroscopy. 28 However, to the best of our knowledge, these coordination polymers have never been proposed as a source of NO and the kinetic monitoring of the NO release has never been investigated. Note also that the design of composite materials involving M x [Fe II (CN) 5 (NO)] coordination polymers have never been reported up to date.

In this article, we describe the synthesis and characterisations of new composite materials based on coordination polymer particles, M x [Fe II (CN) 5 (NO)] (where M = Fe 2+ or Ag + ), embedded into chitosan polysaccharide films and their ability to slowly deliver NO under white light irradiation . Chitosan was chosen here as matrix because it is a non-toxic, biocompatible, biodegradable and bioactive polymer derived from the partial deacetylation of chitin, which is approved for the use on human being. 29 30 Further, it can be shaped in form of beads or films, still exhibiting a porous structure when dried under supercritical CO 2 conditions 31 or as an alcogel. 32 Thanks to the accessible free amino groups able to coordinate metal ions, it was successfully used to the covalent anchoring of cyano-bridged coordination networks. Synthesis of a chitosan film. An aqueous solution of chitosan (2.5 wt. %) was obtained by dissolving 1 g of chitosan in 40 mL of a solution of acetic acid (1.0 vol. %) under magnetic stirring for one night at room temperature. A filter paper (60 mm diameter) was impregnated in NaOH solution (2M) and put in a petri dish (60 mm diameter). The chitosan solution (6.5 mL) was then added on the filter paper before being covered by a second filter paper impregnated in NaOH and 3 mL of NaOH solution were added. After 1 hour of gelation, the film was washed in distilled water until pH 6-7 to obtain a hydrogel. The alcogel film was then obtained by immersion of the hydrogel in a series of successive methanol-water baths of increasing alcohol concentration (10, 30, 50, 70, 90, and 100 vol. %) for 15 min each. The as-obtained chitosan film was then stored in methanol or dried under air for characterization. Synthesis of {Fe[Fe(CN) 5 (NO)]} 0.55 @C 6 H 11 NO 4 1@chit and Ag 2 [Fe(CN) 5 (NO)]} 0.28 @C 6 H 11 NO 4 2@chit composites films. The synthesis of composite 1@chit was performed by growing of the cyano-bridged network within the chitosan film as follows: 15 mL of a methanolic solution of FeCl 2 •4H 2 O/ascorbic acid (1.10 -2 M each) were added in a petri dish containing an alcogel chitosan film and kept under stirring during 48 hours at room temperature. The film was then removed and washed three times with methanol for 15 min before being mixed with Please do not adjust margins Please do not adjust margins 

Materials and Methods

All of the chemical reagents were used as received: chitosan (low molecular weight, deacetylation ≥75%, Viscosity: 20-300 cps with 1% in 1% acetic acid, Aldrich); sodium nitroprusside dehydrate, SNP (Na 2 [Fe(CN) 5 NO]•2H 2 O 99%, Aldrich), silver nitrate (AgNO 3 , 99+%, Alfa Aesar ), sodium hydroxide (NaOH 97%, Honeywell); FeCl 2 •4H 2 O (98%, Alfa Aesar), ascorbic acid (99%, Aldrich), acetic acid (Aldrich); methanol (Carlo Erba), N-(1-naphthyl)ethylenediamine dehydrochloride (98%, Aldrich), sulfanilamide (99%, Aldrich). Physico-chemical characterisations. Infrared spectra were recorded as KBr disks on a PerkinElmer Spectrum two spectrophotometer.

Ultraviolet-Visible spectroscopy. UV-vis spectra were collected on a JASCO V-650 spectrometer. Powder X-ray Diffraction (PXRD) patterns were recorded in the 2θ interval 10-60° at room temperature with the PANalytical X'Pert Powder analytical diffractometer mounted in a Debye-Scherrer configuration and equipped with Cu radiation (λ=1.5418 Å). Thermogravimetric Analysis (TGA) was performed with a thermal analyser STA 409 Luxx (Netzsch) in the range 25-800°C at a heating speed of 2°C•min -1 under air flow (~60 mL.min -1 ). Scanning Electronic Microscopy coupled with Energy Dispersive X-ray Spectroscopy (SEM-EDX) analyses were performed on a FEI Quanta FEG 200 instrument. The films were deposited on an adhesive carbon film and analysed under vacuum. The quantification of the heavy elements was carried out with the INCA software, with a dwell time of 3 μs. NO release measurement in solution. The release of NO in aqueous solutions performed using a tungsten lamp (60 w, 30 cm distance between the lamp and the vials) was monitored using the Griess assay. For this, 10 mg of sample were suspended in 2 mL of distilled water and put under light and orbital stirring. At each time point (0.08, 0.17, 0.25, 1, 2, 4 and 7 days), the supernatant was recovered by centrifugation at 35,700 x g (12 000 rpm, 10 min) and replaced with the same volume of fresh distilled water. The NO release from supernatants was then quantified using Griess assay. [START_REF] Giustarini | Methods in Enzymology[END_REF] A volume of supernatant was mixed with sulfanilamide (1 mM) and N-(1-naphthyl)ethylenediamine (1 mM) before being measured using UV-vis spectroscopy. The amount of released NO was then determined using a calibration curve previously performed using NaNO 2 at concentrations ranging from 10 to 50 µM. All experimental releases were assessed over three experimental replicates and error bars represent the mean standard error.

CN -release measurements in solution:

The release of CN -in aqueous solutions under irradiation was quantified by photometric titration (Eurofins, Saverne, France). Samples were prepared as follows: a determined amount of composites (50-100 mg) were added to 30 mL of water in a transparent closed vial; a constant irradiation was then performed using a tungsten lamp (60W, 30 cm distance between the lamp and the vials). At each time point (1, 2, 4 and 7 days), the suspension was centrifuged, the supernatants stored and 30 mL of water were added again, the supernatants were then gathered (120 mL) and send to Eurofins for determination of the CN -amount. NO release modelling: The release of NO was modelled and fitted using the chemical equation associated to the NO release and its diffusion inside the sample described in the Supporting Information (SI). The equations were solved using the COMSOL software. Please do not adjust margins Please do not adjust margins Ag + or Fe 2+ ) via the growth of the corresponding cyano-bridged coordination polymers by a sequential addition of the nitroprusside and the corresponding metal ion precursors in the presence of the chitosan film. Such a strategy was previously successfully used to design chitosan based nanocomposite beads with Prussian blue analogues nanoparticles.

Results and discussion

33 34 35-38 As described in more details in the experimental section, the elaboration of the cyano-bridged coordination polymer within the chitosan is performed via the addition of the metal ion M n+ (Ag + or Fe 2+ ) to the -NH 2 functionalities of chitosan and then Na 2 [Fe(CN) 5 NO]•2H 2 O (5.10 -2 M) using methanol solutions. These successive additions were repeated 3 times with intermediate washings leading after a final air drying to composites 1@chit and 2@chit as brown or light pink films, respectively, while the pristine chitosan film is white. The IR spectra were recorded for these composites especially in the spectral window 1800 -2400 cm , which can be ascribed to the non-bridging cyanides (Figure 2 and7). This band can be also seen in the IR spectrum of the bulk analogue 1. [START_REF] Balmaseda | [END_REF] Sample 2@chit exhibits a strong band at 2141 cm -1 with a shoulder at 2177 cm -1 ascribed to C≡N) for the non-bridging and Ag I -NC-Fe II bridging modes, respectively (Figure 2 and S1, SI). 27 Note that the presence of bands ascribed to the non-bridging cyanides has already been observed in the case of Prussian blue analogue nanoparticles embedded in the chitosan matrix. , respectively, for 1@chit and 2@chit (Figures 2 and7, S1, SI). 39 The characteristic bands of the chitosan matrix are also present in these IR spectra beside the described bands of the coordination polymer particles, as expected. The calculated coordination polymers loading from the elemental analysis are equal to 48 and 41 wt % for 1@chit and 2@chit, respectively. The resulting formula obtained from an ensemble of elemental, TGA (Figures S2 &S3, SI) and SEM-EDX analyses are {Fe[Fe(CN) 5 (NO)]} 0.55 @C 6 H 11 NO 4 for 1@chit and {Ag 2 [Fe(CN) 5 (NO)]} 0.28 @C 6 H 11 NO 4 for 2@chit. The powder X-Ray diffraction (PXRD) pattern for 1@chit shows a cubic structure with estimated cell parameter of a=10.35 Å in accordance to the PXRD pattern of 1 (CCDC 1730892). 43 Nanocomposite 2@chit shows a monoclinic structure with estimated cell parameters a=7.483(6) Å, b=6.299(2) Å, c=12.669(6) Å, β=114.77(3) in accordance with the PXRD pattern of 2 (CCDC 1056385) even though some discrepancies can be observed (Figure 3). 27 Such discrepancies can be attributed to the kinetics of formation of 2 which is much faster than that of 1 and to the fact that the synthesis is carried out on chitosan that can explain an imperfect crystallization of 2 within the chitosan matrix. To obtain information about the morphological characteristics, SEM was performed on the obtained composite and the pristine chitosan films (Figure 4, Figure S4, SI). The images demonstrate the formation of the crystalline particles of a few m in the chitosan. The homogeneity of the composite films 1@chit and 2@chit can be clearly seen by using EDS mapping images of iron and silver atoms (Figure 5) both, on the surface and on the transversal cuts of the films. Both of them present a homogenous distribution of Fe or Fe and Ag atoms on the surface (Figure 5a,b). Transversal cuts for 2@chit (Figure 5d) indicates that the occurrence of silver and iron atoms is more evidenced in the first layer (ca. 0.15 mm) of the film's surface, indicating that the Ag 2 [Fe(CN) 5 NO] coordination polymer particles are more dense in that location probably due to the very fast formation kinetic of this compound. On the other hand, homogenous distribution of iron and then the Fe[Fe(CN) 5 NO] particles in 1@chit can be observed in the whole width of the film (Figure 5c).

Previously, it has been demonstrated that the NO release for aqueous solutions of nitroprusside can be triggered either Please do not adjust margins Please do not adjust margins using endogenous (such as pH, glutathione or H 2 O 2 ) or exogenous stimuli (such as light, X-ray or ultrasound). 14 In the present study, the NO release was triggered by a light irradiation in the visible region by using a white light from a simple desk lamp. The measurement of NO release was performed with 1@chit and 2@chit dispersed in water under irradiation with a white lamp (60 W) for a period of 7 days. At each time point, the amount of formed NO was detected by the Griess assay in water at room temperature. This analysis has previously been used for detection of NO in other NO donor systems and relies on the aerobic fast conversion of NO to NO 2 -. [44][45][46] The amount of cumulative NO release as a function of time (Figure 6) indicates that the liberation of NO in water is rapid and almost linear within 1 day for both samples. After 1 day, samples continue to release NO, but much slowly. After 7 days, the saturation is not reached for 2@chit suggesting that the sample will still slowly produce nitric oxide beyond 7 days. 1. Amounts of released NO and CN -detected for 1@chit and 2@chit 7 days after light irradiation.

The total cumulated amounts of nitrite of 114.5 ± 5.4 and 107.9 ± 8.5 mol.g -1 detected after 7 days correspond to 6.5 % and 10.6 % of released NO for 1@chit and 2@chit, respectively (Figure 6). The maximal calculated amounts of available NO in these samples are 1770 mol.g -1 (for 1@chit) and 1021 mol.g -1

(for 2@chit) (Table 1). We give in table 2 various parameters for different materials reported in the literature able to deliver NO. Entries 1-3 (entry 3 relates to the present work) are related to materials using nitroprusside as the NO source while entries 4-7 are related to materials using N-diazoniumdiolate and entry 8 is related to a material using the ruthenium tetraammine nitrosyl complex.

The NO release is triggered by light for materials containing nitroprusside and ruthenium tetraammine nitrosyl complex while it is triggered through pH for materials containing Ndiazoniumdiolate. Depending on the different materials and their compositions, the quantity of NO released varies strongly from 0.14 to 920 mol.g -1 with maximum delivery times varying from few hours (entries 2, 4-8) to almost 1 day (entries 1, 6). The results obtained in the present study (entry 3) are in the same order of magnitude in terms of the total quantity delivered to other studies carried out for the most efficient but with much slower (by a factor of ten) kinetic release (up to 7 days), which is particularly suited to issues related to the healing of chronic wounds, for example (Table 2). 18,19,21,44,[47][48][49] In this perspective, it is also particularly interesting to note that for the materials containing nitroprusside, the amount of cyanide released is considerably lower in the present study (entry 3) compared with other nitroprusside-containing materials (entry 1). It should be noted that a recent study using carboxymethyl chitosan/sodium alginate films loaded with S-nitrosoglutathione were shown in vitro to release NO during 168 h. 50 The experimental NO release has been fitted using a diffusion model based on the Higuchi equation, which takes into account the formation of NO gas from the nitroprussidecontaining cyano-bridged coordination polymers and then models the diffusion of NO molecules inside the chitosan matrix and their release in solution (see SI for details). 51 In the model, the NO gas formation depends on the chemical coefficient rate k NO and the total number per unit of NO gas molecules, which can be released from the nitroprussidecontaining cyano-bridged coordination polymers per mass unit of the latter C TOT-NO . The diffusion time of NO gas in the chitosan matrix depends on the diffusion coefficient D, which is a constant rate per surface unit depending of the sample physical-chemical properties. From D we can define the diffusion flux J, which represents the quantity of NO molecules which passes through a surface unit (see ESI). For sample Please do not adjust margins Please do not adjust margins . The experimental data for NO release for sample 2@chit present a different behaviour compare to sample 1@chit (see Figure 6). As Figure 5d shows a higher concentration of the cyano-bridged material on the surfaces for 2@chit, we adapted the model taking into account a difference of NO concentrations between the surface (C S-NO ) and the volume (C TOT-NO -C S-NO ). The obtained parameters gave: D=9670±5285 µm 2 .days -1

, C TOT-NO =119.4±11.8 µmol.g -1

, C S- NO =60.7±4.4 µmol.g -1 and k NO =0.390±0.053 hour -1 . It is important to note that the release of NO at the surface is almost instantaneous and not link to the diffusion coefficient D, which induces a high error in the D parameter obtained from the fit. These results indicate that the diffusion coefficient D and the coefficient rate k NO are in the same order of magnitude for both samples due to a similar matrix and the close physicochemical properties of the two nitroprussidecontaining cyano-brigded coordination polymers. However, the release behaviour of NO within the composites is significantly different between both composites. The fitting of the NO release curve obtained from 1@chit doesn't imply to consider a surface source term, however this term is necessary to fit the NO release curve obtained from 2@chit. This is in agreement with results obtained from SEM-EDS that shows a homogeneous distribution of the cyano-bridged coordination polymer in the chitosan film for 1@chit, while a preferential location of the cyano-bridged coordination polymer in the first layer near the surface is observed for 2@chit. a The release of nitroprusside and not NO was measured in this study precluding straight comparison. b NO-release half-life. The measurement of CN -release for samples 1@chit and 2@chit in aqueous solutions after irradiation during 7 days (same conditions, as for NO release experiments) was realised by photometric titration. The cumulative quantities of the released cyanides are equal to 5.5 mol.g -1 for 1@chit and 202 mol.g -1 for 2@chit, while the expected CN -amounts in the hypothesis of their full release are 8850 mol.g -1 and 5105 mol.g -1 . This corresponds to 6.2.10 -2 % and 4.0 % of CN leaching in solution for 1@chit and 2@chit, respectively (Table 1). Note that in comparison with previously published works, 44 such particularly low amount of released cyanides after NO departure in the case of composite film 1@chit indicates the mobilisation of cyanide ligands for the rearrangement to the more stable Prussian blue networks. This fact signifies that NO may be delivered without important side cyanide release, Please do not adjust margins Please do not adjust margins which is promising for future biomedical applications, such as wound healing.

Entry
After being exposed to a white light for 7 days, the IR spectra of composites 1@chit and 2@chit were recorded in order to gather the information about the fate of the coordination polymers after irradiation and a partial NO departure. A new large band at 2070 cm -1 clearly appeared for 1@chit after irradiation (Figure 7), as it can also be observed for 1 (Figure S5, SI). It can be attributed to the stretching vibration of the bridging cyanides in the Fe II -C≡N-Fe III linkage mode attesting the formation of the Prussian blue compound. 52 Indeed, the release of NO is accompanied by a partial Fe 2+ to Fe 3+ ions oxidation affording very stable Prussian blue. Note also that the relative intensity of the v(NO) band at 1939 cm -1 notably decreases for 1 after irradiation. This is perfectly coherent with the results obtained by others after a white light irradiation of the respective bulk coordination polymer 1. 28 Moreover, the absorption spectrum in the visible region of 1@chit after irradiation demonstrates the appearance of a broad band typical for Prussian blue at ca. 730 nm occurring due to the Fe 3+ to Fe 2+ electron transfer (Figure S6, SI). For the composite film 2@chit, a new band appears at ca. 2055 cm -1 in the IR spectrum, which corresponds to the stretching vibration of the cyanide groups in the bridging mode Fe II -C≡N-Ag I due to the formation of the Prussian blue analogue Ag 4 [Fe(CN) 6 ] (Figure S1, SI). 54 Note that in this case, no Fe 2+ to Fe 3+ oxidation occurs since ν(CN) for the Fe III -C≡N-Ag I mode is expected at 2092 cm -1

. 55 Interestingly, the related bulk compound 2 does not release NO upon irradiation and no new bands have been observed in its IR spectrum taken after irradiation in similar conditions.

Thus, for both nanocomposites, the NO departure is accompanied with a selfrestructuration of the material leading to the formation of the corresponding cyano-bridged coordination polymers limiting the concomitant release of cyanide. However, this reaction seems more efficient for 1@chit than 2@chit, as the amount of cyanide release is strongly limited for the former.

Conclusions

To summarize, in this work we showed that cyano-bridged coordination polymer particles Fe II (NO)] is shown to be homogeneously distributed in the chitosan film, Ag 2 I [Fe II (CN) 5 (NO)]-containing film exhibits a preferential location of the particles in the first layer near the surface of the chitosan film. Continuous irradiation of both nanocomposites using a lamp desk in aqueous media initiates the slow NO release, which was measured during the experimentation time. It indicates a maximum amount of 6.5 and 10.6 % released 7 days after irradiation for 1@chit and 2@chit, respectively. Modelling of the NO release for 1@chit can be obtained satisfactorily without considering a specific contribution of the surface, while for 2@chit a surface contribution has to be taken into account. This is in agreement with a higher amount of the cyano-bridged coordination material on the surfaces of the chitosan film for 2@chit. The infrared and absorption spectroscopies performed before and after irradiation demonstrated that a structural rearrangement of the cyano-bridged coordination polymers leading to the formation of Prussian blue or the Prussian blue analogue Ag 2 [Fe(CN) 6 ] particles has occurred after NO departure. Such a self-structuring of the composite associated with chitosan allows to limit the concomitant release of cyanides, which is shown to be particularly efficient in the case of 1@chit. Such a strategy allowing the successful release of NO from nitroprusside-based composites, while limiting the release of cyanide opens interesting opportunities for different potential applications where delivery of small quantities of NO for a long period time are needed without side effects linked to cyanide.
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 211 15 mL of a methanolic solution of Na 2 [Fe(CN) 5 NO]•2H 2 O (5.10 -) during 48 hours at room temperature. The consecutive treatment with methanolic solutions of FeCl 2 •4H 2 O/ascorbic acid (1.10 -2 M each) and Na 2 [Fe(CN) 5 NO]•2H 2 O was repeated twice (with intermediate washings at each step) to obtain {Fe[Fe(CN) 5 (NO)]} 0.55 @C 6 H 11 NO 4 composite as a brown film after air drying. IR (cm -: 3838 overtone ν(NO), 39 ν(OH): 3431, ν(CH): 2917, ν(CN): 2182 and 2145, ν(NO): 1941, ν(CO): 1654, δ(NH): 1525, ν(CO): 1080, δ(Fe-NO): 664, ν(Fe-CN): 522, δ(Fe-CN): 431. SEM-EDX (at%): Na/Fe = 0/100. TGA (weight loss): 30-170 °C (9.48 wt%), 283°C (47.4 wt%), 356 °C (18.1 wt%), 600°C (3.6 wt%); estimated amount of particles in the composite film is 48 wt%. Estimated formula {Fe[Fe(CN) 5 (NO)]} 0.55 @C 6 H 11 NO 4 . UV-vis spectroscopy: wide absorption 230-750 nm, maximums at 264, 376, 573 nm. XRD (2θ): 17.13°, 24.28°, 29.88°, 34.65°, 38.95°, 42.89°, 49.92°, 53.14°, 56.18°; cubic structure, estimated cell parameter a=10.35 Å. {Ag 2 [Fe(CN) 5 (NO)]} 0.28 @C 6 H 11 NO 4 composite film 2@chit was obtained as a light pink film following the same method as described above for {Fe[Fe(CN) 5 (NO)]} 0.55 @C 6 H 11 NO 4 by replacing FeCl 2 •4H 2 O/ascorbic acid by AgNO 3 (1.10 -2 M). IR (cm-: 3844 overtone ν(NO), ν(OH): 3410, ν(CH): 2920, ν(CN) = 2177 and 2141, ν(NO): 1924, ν(CO): 1644, δ(NH): 1543, ν(CO): 1053, δ(Fe-NO): 659, ν(Fe-CN): 507, δ(Fe-CN): 414. SEM-EDX (at %): Na/Ag/Fe = 0/66/34. TGA (weight loss): 30-228 °C (15.4 wt%), 285°C (15.2 wt%), 358 °C (10.3 wt%), 412°C (36.4 wt%); estimated amount of particles in the composite film 41 wt%. Estimated formula {Ag 2 [Fe(CN) 5 (NO)]} 0.28 @C 6 H 11 NO 4 . UV-vis spectroscopy: wide absorption 230-650 nm, maximums at 260, 379 nm. XRD (2θ): 13.82°, 19.13°, 20.88°, 24.09°, 26.72°, monoclinic structure, estimated cell parameters a=7.483(6) Å, b=6.299(2) Å, c=12.669(6) Å, β=114.77(3).

Figure 1 .

 1 Figure 1. (a) Synthesis of the composite materials Mx[Fe(CN)5(NO)]}y@C6H11NO4 with M = Fe 2+ 1@chit or Ag + 2@Chit followed by light irradiation and NO release, and the corresponding photographs of the composite film 1@chit before (b) and after irradiation (c).

Figure 1

 1 Figure 1 presents the step-by-step approach for the synthesis of nanocomposites M x [Fe(CN) 5 (NO)]} y @C 6 H 11 NO 4 (with M =

- 1 ,

 1 i.e. in the vicinity of the CN  and NO stretching modes, which are fingerprints of the structural and electronic changes occurring in cyanobridged coordination polymers and nitroprusside. The IR spectrum of 1@chit shows a strong band at 2182 cm -1 ascribed to the C≡N) stretching vibrations for the bridging (Fe II -CN-Fe II ) mode of Fe[Fe(CN) 5 NO] with a shoulder at 2145 cm -1

33 , 36

 3336 The spectra of both composites show the characteristic N≡O) band at 1937 and 1924 cm -1

42

 42 

Figure 2 .

 2 Figure 2. IR spectra for the pristine chitosan (black), 1@chit (brown), 1 (blue), 2@chit (purple) and 2 (green).

Figure 3 .

 3 Figure 3. (a) PXRD pattern of 1@chit; (b) 1; (c) 2@chit; (d) 2.

Figure 4 .

 4 Figure 4. SEM top film images of the chitosan film surface (a) and its transversal cut (b); (b) the 1@chit film surface (c) and its transversal cut (d); the 2@chit film surface (e) and its transversal cut (f).

Figure 5 .

 5 Figure5. SEM and SEM-EDS atomic mapping for the 1@chit surface (a), its transversal cut (c) and the 2@chit surface (b), its transversal cut (d). Iron atoms are shown in purple and silver one in yellow.
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Figure 6 .

 6 Figure 6. NO release experimental points for () 1@chit and () 2@chit under white light irradiation. The solid lines represent the theoretical fit with the model described in SI.
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Figure 7 . 1 ,

 71 Figure 7. IR spectra f 1@chit before (black) and after (red) NO release; (up) spectral window 4000 -400 cm -1 , (down) spectral window 2300 -1800 cm -1

Table

  

		1@chit	2@chit
	NO release (mol.g -1 )	114.5 ± 5.4	107.9 ± 8.5
	Relative % of NO release	6.5 %	10.6 %
	CN -release (mol.g -1 ) Relative % of CN -release	5.5± 1.4 6.2.10 -2 %	202 ± 50.5 4.0 %

Table 2 .

 2 Comparison of different NO release systems found in the literature.

	NO-donor	Matrix	Trigger Total	Relative	Relative	Maximum	Reference
					NO released	% of NO release	% of CN -	delivery time (h)	
					mol.g -1			release		
	1 Nitroprusside	Mesoporous SiO 2	Blue	335	100	36	18	44
		nanoparticles bearing	LED							
	2 Nitroprusside	amine functions Mesoporous SiO 2	-	a	-	a	-	a	n.d.	3	19
		nanoparticles									
	3 Nitroprusside	Chitosan	White	107-114 6.5-	0.062-4 168	This work
	4 N-diazoniumdiolate	Mesoporous SiO 2	light pH	2.78-	10.6 5.8-	n.a.	0.11-0,18	18
		nanoparticles bearing			920	51.7			
	5 N-diazoniumdiolate	amine functions Au	pH	0.14-	2-33.4	n.a.	1,5-16	21
	6 N-diazoniumdiolate	nanoparticles/Tiopronin SiO 2	pH	40.4 ca. 300	100	n.a.	24<	48
		nanoparticles/quaternary									
	7 N-diazoniumdiolate	ammonium epoxides Alkylamine-modified	pH	80-550	24-100	n.a.	4 b	47
	8 Ruthenium	alginates Silica gel/isonicotinamide White	11.3	87	n.a.	1	49
	tetraammine nitrosyl		light							
	complex										

  and [Fe(CN) 5 (NO)] 2-precursors inside the chitosan film as a matrix. Their morphological and structural characterisations demonstrated that those composite materials are made of ca. 50-50 wt% of the cyano-bridged coordination polymer and chitosan, the formers being present

	[Fe II (CN) 5 (NO)] or II (CN) 5 (NO)] can be grown by step-by-step coordination I [Fe Ag 2 of Fe 2+ or Ag
	as Fe II [Fe microcrystalline II (CN) 5	components.	Note	that	while

+ 
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