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Objectives:
1. Preparation of the polynuclear transition metal μ-oxo clusters  
1.1. Synthesis of the metal clusters 

1.2. Structural characterization of the obtained clusters by: elemental analysis, FTIR (MIR and FIR), EDXRF, single crystal X-ray diffraction, where it was possible, Mossbauer spectroscopy (MS) Fe-57, if the case, and thermogravimetric analysis.
2. Obtaining of the siloxane or silane compounds as structural building units (SBUs) of the metal-organic networks.
2.1. Synthesis of carboxylic acids containing siloxane or silane units.
2.2. Determining the structure of the siloxane ligands in crystalline state, study of thermal and in solution behaviors. 

Expected results:
· At least three well characterized clusters  –achieved indicator
· 13 metal clusters were synthesized: 
· (tetrakis(μ2-3-furancarboxylato-O,O')-diaqua-di-copper(II))  (CoM1))
· ([Fe3O(C4H3OCOO)6(CH3OH)3·NO3]·H2O)·([Fe3O(C4H3OCOO)6(CH3OH)3]·NO3·H2O)3} (CoM2)

· [Cr3O(C4H3OCOO)6(CH3OH)3]·NO3·H2O (CoM3)

·  [Cr2CuO(C4H3OCOO)6(CH3OH)3]·NO3·H2O (CoM3a)

· [Fe2CrO(C4H3OCOO)6(CH3OH)3]·NO3·H2O (CoM4),

· Fe1,5Cr1,5O(C4H3OCOO)6(CH3OH)3]·NO3·H2O (CoM5)

· [FeCrCuO(C4H3OCOO)6(CH3OH)3]·NO3·H2O (CoM6)

· Three Fe/Cr clusters, with different atoms ratio were prepared, labeled  SM1, SM2 and SM3
· [Fe2CrO(C4H3OCOO)6(CH3OH)3]∙NO3·H2O (P1)
· [Fe3O(CH3COO)6(H2O)3]NO3 (P2)
· [FeCr2O(CH3COO)6(H2O)3]NO3 (P3)
C0M1-C0M6 clusters were prepared starting from 3-furoic acid, Cu2[(OH)2CO3] (malachite), iron nitrate or iron nitrate and chromium nitrate mixture. 
Study of the C0M1-C0M6 clusters by IR spectroscopy has revealed the presence of the carboxylic groups, furan ring and R-OH absorption bands. The bands in the region 3616-3564 cm-1 are attributed to ν(OH) vibrations, while those at 3136-3128 cm-1 are attributed to furan ring ν(CH) vibrations. The band in the region 1080 - 1072 cm-1 is attributed to C-O-H bond. The specific bands for carboxylic acids are those of νas and νs vibrations of the carboxylate groups, which can be observed at 1618 - 1582 cm-1 and 1439 - 1429 cm-1. The presence of the furan ring is supported by the specific bands at 1009 - 1003 cm-1 (ν(C-O-C)) and 874 - 872 cm-1 (ν(ring)) (fig. 1). 
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	Figure 1. FTIR spectra of CoM 1-5 clusters

	      Figure 2. XRF spectra of CoM1 (a),CoM2 (b) and CoM3 (c) clusters


The presence of metallic ions and their ratio in the structure of the CoM1-3 clusters was confirmed by XRF (fig. 2). 

The ratio between chromium and copper for CoM3 and CoM3a mixture was determined by EDX (Fig.3, Table 2). 

	Element

Wmasă / Watomi %

	CoM3 + CoM3a


	Cr

	Wmasă %

	11,78


		Watomi %

	3,45


	Cu

	Wmasă %

	3,03


		Watomi %

	0,73
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	Table 2. The ratio Cr-Cu for CoM3 and CoM3a by EDX
	Figure 3. EDX spectra for CoM 4-5 clusters


Analysis by EDX of the CoM4 and CoM5 clusters (Fig. 4.) has revealed the ratio between iron and chromium of 1.9:1 and 1.05:1 respectively (Table 3). 

	Element

Wmasă / Watomi %
	CoM4

	CoM5


	Fe

	Wmasă %

	6.18

	6,92


		Watomi %

	1.62

	1.90


	Cr

	Wmasă %

	3.10

	6.82


		Watomi %

	0.86

	1.99
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	Table 3. The ratio Fe-Cr for CoM4 and CoM5 clusters by EDX
	Figure 4. EDX spectra of CoM 4 (a) and CoM5(b) clusters


EDX data (Fig. 5, Table 4.) for CoM6 cluster suggest the presence of the iron, chromium and copper ions în the structure. 
	Element

Wmasă / Watomi %

	CoM4


	Fe

	Wmasă %

	5.17


		Watomi %

	1.44


	Cr

	Wmasă %

	5.65


		Watomi %

	1.70


	Cu

	Wmasă %

	3.65


		Watomi %

	0.90
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	Table 4. The ratio Fe-Cr-Cu for CoM6 cluster by EDX
	Figure 5. EDX spectrum for CoM 4-5 clusters



X-ray diffraction study of C0M2 cluster revealed the presence of three cationic units and a neutral one (table 6, fig.7). Each unit consists of three metal atoms bridged by six carboxylate groups from 3-furoic acid and a µ3-oxo atom. The apical positions are occupied by solvent molecules (methanol) and NO3- anions.
Table 6. Crystallographic data for CoM2 cluster
	Empirical formula 
	C33H33Fe3NO26

	Formula weight, g/mol
	1027.15

	Temperature (K)
	293(2) K

	Wavelength, (Å)
	0.71073 A

	Unit cell parameters
	a = 14.181(2) A   α = 90 deg.

b = 21.366(2) A   β = 93.893(15) deg.

c = 26.978(4) A   γ = 90 deg.

	Volume
	8155(2) A3

	Z
	7

	Dcalc (g /cm3)
	1.464 Mg/m3

	F(000)
	3668

	θ min,  θ max(°)
	from 2.39 to 26.00 deg.

	Reflexions collected
	43217 / 22622 [R(int) = 0.1399]

	Data/restraints/parameters
	22622 / 69 / 1017

	GOOF
	1.190

	R1
	0.2623

	wR2
	0.3389

	((max / ((min (e/Å3)
	1.182 / -0.683 e.A-3
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Figure 7. X-ray molecular structure of CoM1 cluster 
Single crystal X-ray diffraction studies of the CoM3a and CoM6 clusters (Fig. 8) suggest izostructural heterotrinuclear compounds, all atoms being in the same plane, in the vertices of a triangle. In the center the μ3-oxo oxygen atom bridges the metal ions. The metal ions are coordinated by six carboxylate groups. In the apical positions there are solvent molecules (water). 
[image: image7.png]



Figure 8. Molecular structure of the clusters CoM3a (a) and CoM6 (b)

CoM2 and CoM4 clusters have been studied by Mossbauer spectroscopy at room temperature. The obtained spectra have shown a single couple (table 7, fig. 9).
	Nr

	Compound
	T, K

	mm/s


				δNa+,

(±0.03)

	ΔEQ,

(±0.03)

	Γ,

(±0.03)


	1

	CoM2

	300

	0.43

	0.5

	0.34


	2

	CoM4

	300

	0,42

	0,63

	0,45
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	Table 7. Mossbauer spectra parameters of CoM2 and CoM4
	Figure 9. Mossbauer spectra of  CoM2 and CoM4 clusters


- At least two original flexible carboxylic ligands –achieved indicator
Carboxylic acids are the most used ligands for synthesis of metal-organic frameworks due to their versatile characteristics and high thermal stability. 
The oxygen atoms in the structure of carboxylic acids can adopt different modes of coordination by deprotonation, which allows to obtain metal-organic structures with different architectures. The carboxylic acids can coordinate metal ions monodentate, while non-ionized carboxyl groups can form intermolecular hydrogen bonds, leading to supramolecular structures.

Thus, carboxylate ligands may act as both counter anions and bridging ligands to extend the architecture to 1D chains, 2D layer and 3D networks.

The formation and the stability of the polynuclear complexes with carboxylic acids, their physical and chemical properties and the tendency to intermolecular interactions for obtaining of supramolecular systems is closely related to the acid strength and the strength of the donor-acceptor carboxylate ion. These characteristics are affected by the nature of the organic groups which is attached to the carboxyl group.

A variety of polycarboxylate-type ligands reported in the literature, with rigid structure and different sizes, are used to prepare metal-organic networks with high porosity: benzenedicarboxylate,  benzenetricarboxylate, adamantanedicarboxylate, anthraquinone-1,4,5,8- tetracarboxylic acid, etc. 
A particular interest was directed to the flexible carboxylate ligands, so that one of the objectives of this stage was synthesis of carboxylic acids having siloxane or silane units in their structure.

We obtained 5 flexible carboxylic ligands with siloxane sequence in the structure and 11 carboxylic ligands with dimethylsilane or trimethylsilyl units, and alkane-type flexible spacers between the silicon atom and the carboxylic group. Four precursors for metal-organosiloxane/silane networks, having chelating functional groups (acetylacetonate and tolyl, which forms by oxidation carboxylic acids) have also been synthesized.

Synthesis of carboxylic acids was performed by conventional reactions of organic chemistry, by chemical modification of the commercially available silane and siloxane precursors or prepared in our laboratory: 

- The condensation reaction of the siloxane or silane-containing mono and diamines with 1,2,4- benzene tricarboxylic-1,2- anhydride. This reaction yielded 4 flexible carboxylic acids having siloxane sequence, dimethylsilane or trimethylsilyl units and flexible alkane-type spacers:
	Chemical structure of the synthesized acids and results of research 
	Structural characterization of the siloxane or silane ligands in crystalline state, study of thermal and in solution behaviors 
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TG/DTG curves of the siloxane acid MZ-1
	FTIR(max (KBr), cm-1: 3551m, 3476s, 3416s, 3238w, 2959w, 2855w, 1782m, 1653s, 1638s, 1605s, 1533w, 1514m, 1485w, 1418m, 1377s, 1310s, 1254s, 1217s, 1173m, 1113s, 1063s, 1018m, 930w, 841s, 799s, 766m, 723m, 671w, 658w, 633w, 602w, 577vw, 544vw, 503w, 474w, 405w.

1H-NMR (DMSO d6, 400.13 MHz, δ, ppm): 13.84 (s, 2H, -COOH), 8.45-7.60 (m, 14 H, aromatic H), 4.01 (s, 4H, -CH2-), 0.24 (s, 12 H, -CH3). 

Solubility: The carboxylic acid MZ-1 has a good solubility in polar aprotic solvents DMF and DMSO and partly soluble in nonpolar solvents (CHCl3, CH2Cl2) or polar solvents : MeOH, EtOH. 

TG/DTG: The carboxylic acid decomposes in three steps, with an initially weight loss due to solvent molecules (DMF) at 131 oC, followed by an important weight loss (52 %) at  442 oC, and the last stage at 577 oC.
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1H-NMR spectrum of carboxylic acid MZ-8
[image: image13.png]



13C-NMR spectrum of carboxylic acid MZ-8
	FTIR(max (KBr), cm-1: 3489w, 3109w, 3063w, 2957w, 2907w, 2835vw, 2652vw, 2546vw, 1950vw, 1931vw, 1786m, 1724vs, 1686s, 1622m, 1605m, 1533vw, 1512m, 1487m, 1420s, 1385s, 1308s, 1259s, 1221s, 1182m, 1117s, 1097s, 1018w, 928m, 883w, 853m, 802m, 762s, 718s, 687m, 663w, 633w, 604w, 577vw, 536w, 509w, 474vw, 467vw, 409w, 399w.

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 13.76 (s, 2H, -COOH), 8.37-8.35 (d, 2H, Aromatic-H), 8.08 (s, 2H, Aromatic-H), 7.98-7.94 (m, 6H, Aromatic-H), 7.50-7.48 (d, 4H, Aromatic-H), 4.24 (s, 4H, -CH2-), 0.30 (s, 6H, -CH3).

13C-NMR (DMSO-d6, 100.16 MHz, δ, ppm): 165.76, 165.74, 165.67, 165.54, 136.60, 135.58, 135.53, 134.46, 131.63, 129.48, 18.87, 126.82, 123.72, 123.27, 56.70, -6.09.

Solubility: The carboxylic acid MZ-8 is soluble in polar aprotic solvents DMF and DMSO. By heating has a good solubility in polar solvents: THF, methanol and ethanol and their mixtures with chloroform and dichloromethane. 
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1H-NMR spectrum of carboxylic acid AV-9
	FTIR(max (KBr), cm-1: 3483w, 3373w, 3105vw, 3073vw, 2959w, 2924w, 2793vw, 2598vw, 2511vw, 1936vw, 1784w, 1719vs, 1632m, 1605m, 1531m, 1514m, 1485w, 1408m, 1379s, 1315s, 1300s, 1252s, 1219m, 1177m, 1107s, 1086m, 1018w, 932w, 860s, 793w, 764m, 727m, 708m, 677w, 600vw, 507w, 465vw, 378vw.

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 13.82 (s, 1H, -COOH), 8.45-8.43, 8.34, 8.13-8.11, 7.96-7.91, 7.74-7.66 (m, 7H, Aromatic-H), 4.06 (s, 2H, -CH2-), 0.15 (s, 9H, -CH3).

Solubility: The carboxylic acid AV-9 is well soluble in: DMF, DMSO, THF, CHCl3, acetone, acetonitrile, methanol, ethanol, CH2Cl2.
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FTIR spectrum of carboxylic acid AV-8
	FTIR(max (KBr), cm-1: 3553w, 3479m, 3416m, 3364m, 3235vw, 3109vw, 3074vw, 2953m, 2895w, 2797vw, 2540vw, 2488vw, 1938vw, 1784m, 1719vs, 1632m, 1603s, 1537m, 1514m, 1487vw, 1443w, 1412m, 1383s, 1277s, 1252s, 1219m, 1175m, 1105s, 1016w, 961w, 930w, 860s, 839s, 764m, 725m, 696m, 660w, 633vw, 606w, 505w, 411vw, 405vw, 392vw.

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 13.77 (s, 1H, -COOH), 8.45-8.43, 8.36-8.34, 8.15-8.10, 7.95-7.93, 7.74-7.63 (m, 7H, Aromatic-H), 4.29-4.09 (m, 2H, -CH2-), 1.78-1.63 (m, 2H, -CH2-), 0.62-0.54 (m, 2H, -CH2-), 0.03 (s, 9H, -CH3).

Solubility: The carboxylic acid AV-8 is well soluble in: DMF, DMSO, THF, CHCl3, acetone, CH2Cl2, acetonitrile and methanol.




· Condensation reactions of mono- and diamines having siloxane sequences or dimethylsilane or trimethylsilyl groups in the structure with aldehydes functionalized with carboxylic groups. 9 carboxylic acids were obtained by this method: 
	Chemical structure of the synthesized acids and results of research 
	Structural characterization of the siloxane or silane ligands in crystalline state, study of thermal and in solution behaviors 
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TG/DTG curves of carboxylic acid MZ-2
	FTIR(max (KBr), cm-1: 3476w, 3416m, 3236vw, 3065w, 2959m, 2662w, 2542w, 2060vw, 1940vw, 1686vs, 1628s, 1609s, 1595s, 1568s, 1508m, 1425s, 1362m, 1313vs, 1296vs, 1254vs, 1192m, 1167s, 1103s, 1059s, 1013m, 980w, 953w, 889m, 862s, 839s, 789s, 777s, 700s, 636w, 615w, 550m, 536m.

1H-NMR (DMSO d6, 400.13 MHz, δ, ppm): 13.23 (s, 2H, -COOH), 8.70 (s, 2H, -CH=N-), 8.15-7.34 (m, 16H, Aromatic H), 3.98 (s, 4H, -CH2-), 0.22 (s, 12 H, -CH3).

Solubility: The carboxylic acid MZ-2 is soluble in polar aprotic solvents DMF and DMSO, în non-polar solvents CHCl3 and CH2Cl2 and their mixtures with methanol, ethanol, THF, acetonitrile. 

TG/DTG TG/DTG data indicate a good thermal stability, the decomposition process occurs in two steps at 370 oC and 428 oC. In the first step at 106 oC the solvent molecules loss occurs. 
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Solubility of the siloxane ligand
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	FTIR(max (KBr), cm-1: 405 vw, 660 m, 754 w, 866 vw, 1065 m, 1096 s, 1256 m, 1389 s, 1408 s, 1439 m, 1503 m, 1668 vs, 1680 vs, 2862 m, 2932 m, 3522 m.              
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FTIR spectrum of the acid AV-11
	FTIR(max (KBr), cm-1: 3420m, 3053w, 2955m, 2928m, 2899m, 2835m, 2727vw, 2552vw, 2457vw, 2073vw, 1950vw, 1701vs, 1641s, 1607s, 1593s, 1553s, 1503m, 1468vw, 1414s, 1379vs, 1302s, 1254vs, 1204s, 1180m, 1132m, 1057vs, 1015s, 951w, 841s, 797vs, 772vs, 702m, 631vw, 513w, 461w.

1H-NMR (CDCl3, 400.13 MHz, δ, ppm): 9.95 (s, 2H, -COOH), 8.18 (s, 2H, -CH=N-), 8.04-7.39 (m, 8H, Aromatic H), 2.90-2.81 (m, 4H, -CH2-), 1.74-1.57 (m, 4H, -CH2-), 0.55-0.39 (m, 4H, -CH2-), 0.35 (s, 12H, -CH3).

Solubility: The carboxylic acid AV-11 is soluble in DMF, DMSO, THF, CHCl3, ethanol, CH2Cl2 and insoluble in acetonitrile and acetone.
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XRD molecular structure and self-assembly through hydrogn bonds and  π-π interactions of the acid MZ-6 [image: image27.png]DTG (%imin)
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TG/DTG curves of the acid MZ-6
	FTIR(max (KBr), cm-1: 3549m, 3418m, 3071w, 2955w, 2909w, 1715vs, 1697vs, 1638vs, 1603s, 1549vs, 1510m, 1437vs, 1418s, 1377m, 1354m, 1319s, 1304s, 1244vs, 1161s, 1130s, 1117s, 1094m, 1069m, 1016m, 978m, 959m, 880m, 849s, 826m, 783w, 768s, 756s, 739m, 692m, 663w, 654w, 636w, 617w, 606w, 554w, 544w, 523w, 501m, 467m, 409w, 380m.

1H-NMR (CDCl3, 400.13 MHz, δ, ppm): 8.76 (s, 1H, -CH=N-), 8.36-8.34 (d, 1H, Aromatic-H), 8.17-8.15 (d, 2H, Aromatic-H), 7.62-7.60 (d, 1H, Aromatic H), 7.54-7.52 (d, 2H, Aromatic-H), 6.83-6.79 (m, 1H, Aromatic-H), 4.04 (s, 2H, -CH2-), 0.16 (s, 9H, -CH3).

13C-NMR (CDCl3, 100.16 MHz, δ, ppm): 174.63, 167.50, 165.99, 159.85, 142.14, 139.40, 131.58, 130.70, 119.79, 116.81, 116.47, 58.87 (Si-CH2-), -2.98 (Si-CH3).

Solubility: The carboxylic acid MZ-6 is soluble in DMF, DMSO, methanol, CHCl3, CH2Cl2.

TG/DTG The carboxylic acid MZ-6 has a good thermal stability. The first decomposition process occurs at 280 oC, and the second one at 500 oC.
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XRD molecular structure of the acid MZ-7 
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TG/DTG curves of the acid MZ-7
	FTIR(max (KBr), cm-1: 3416s, 3076w, 3055vw, 2976w, 2949m, 2889w, 2880w, 1701vs, 1636vs, 1605 m, 1549vs, 1524m, 1508m, 1441vs, 1379m, 1356m, 1312s, 1283s, 1244vs, 1196m, 1159s, 1130s, 1117s, 1092m, 1067m, 1045w, 1015m, 988m, 957w, 889w, 860s, 843s, 770m, 758s, 741m, 692m, 665vw, 636vw, 608w, 555vw, 527w, 509m, 478m, 384m.

1H-NMR (CDCl3, 400.13 MHz, δ, ppm): 14.03 (s, 1H, -COOH), 8.70 (s, 1H, -CH=N-), 8.42-8.40 (d, 1H, Aromatic-H), 8.22-8.20 (d, 2H, Aromatic-H), 7.59-7.54 (d, 1H, Aromatic-H), 7.52-7.50 (d, 2H, Aromatic-H), 6.87-6.84 (d, 1H, Aromatic-H), 4.33-4.29 (m, 2H, -CH2-), 1.80-1.74 (m, 2H, -CH2-), 0.61-0.57 (m, 2H, -CH2-),  0.03 (s, 9H, -CH3).

13C-NMR (CDCl3, 100.16 MHz, δ, ppm): 174.24, 167.17, 165.27, 159.72, 142.23, 139.10, 131.74, 130.68, 119.76, 117.05, 113.80, 68.15 (Si-CH2-), 23.37 (Si-CH2-), 12.51 (Si-CH2-), -1.78 (Si-CH3).

Solubility: The acid MZ-7 is soluble in DMF, DMSO, methanol, CHCl3, CH2Cl2.

TG/DTG The acid MZ-7 has a good thermal stability. The first weight loss occurs at 102 oC and is attributed to water molecules. The second stage (43 %) occurs at 276 oC and the last at 397 oC.
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UV-Vis spectrum of the acid AV-7
	FTIR(max (KBr), cm-1: 3549m, 3416s, 3063w, 2957w, 2922w, 2855vw, 2428vw, 1921vw, 1715vs, 1638vs, 1603vs, 1547s, 1530s, 1462s, 1385m, 1369m, 1317s, 1244s, 1169s, 1111s, 1069m, 1013m, 974w, 883w, 847m, 795w, 764s, 687m, 660vw, 635w, 606w, 552w, 509m, 474m, 390m.

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 10.39 (s, 2H, -COOH), 8.32 (s, 2H, -CH=N-), 8.13-7.92, 7.64-7.45, 7.09-6.98, 6.57-6.53 (m, 14H, Aromatic-H), 4.03 (s, 4H, -CH2-), 0.23 (s, 6H, -CH3).

Solubilitate: The acid AV-7 is soluble in acetone, acetonitrile, CHCl3, DMF, DMSO, low soluble in THF and CH2CL2, and insoluble in alcohols (methanol, ethanol).
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1H-NMR spectrum of the acid AV-12
	FTIR(max (KBr), cm-1: 3416w, 3069w, 2957w, 2880w, 2833w, 2664w, 2542w, 2060vw, 1929vw, 1686vs, 1628s, 1609s, 1595s, 1568s, 1510m, 1425s, 1360w, 1313vs, 1296vs, 1254s, 1192m, 1165s, 1101s, 1053m, 1013m, 943w, 880m, 860s, 845s, 775s, 698s, 638w, 619w, 606w, 552w, 534m, 469w.

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 13.20 (s, 2H, -COOH), 8.68 (s, 2H, -CH=N-), 8.05-8.00 (m, 8H, Aromatic H), 7.96-7.94 (d, 4H, Aromatic-H), 7.32-7.30 (d, 4H, Aromatic-H), 4.19 (s, 2H, -CH2-), 0.28 (s, 6H, -CH3).

Solubility: The acid AV-12 has a good solubility in DMSO, DMF and THF, low solubility in CH2Cl2 and CHCl3 and is insoluble in acetone, acetonitrile, methanol and ethanol.
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1H-NMR spectrum of the carboxylic acid
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UV-Vis spectrum of the acid
	FTIR(max (KBr), cm-1:3416w, 2955m, 2922w, 2889w, 2664w, 2544w, 1936vw, 1703vs, 1678vs, 1624m, 1611m, 1593s, 1568m, 1508w, 1495w, 1427s, 1414m, 1362m, 1312s, 1296s, 1252s, 1234s, 1190w, 1163s, 1109w, 978w, 957m, 862s, 843s, 791w, 779s, 758m, 700s, 638vw, 621w, 602w, 554w, 534w, 515w, 478w.

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 13.26 (s, 1H, -COOH), 8.75 (s, 1H, -CH=N-), 8.09 (s, 4H, Aromatic H), 8.03-8.01 (d, 2H, Aromatic H), 7.41-7.39 (d, 2H, Aromatic H), 4.02 (s, 2H, -CH2-), 0.14 (s, 9H, -CH3).
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1H-NMR spectrum of the acid AV-13
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UV-Vis spectrum of the acid AV-13
	FTIR(max (KBr), cm-1: 3416m, 3071vw, 2953m, 2930m, 2833w, 2666w, 2544w, 1948vw, 1705vs, 1676vs, 1626s, 1609s, 1593s, 1568m, 1518w, 1503w, 1468w, 1425s, 1414m, 1393w, 1362w, 1344w, 1315s, 1273vs, 1248s, 1199m, 1190m, 1167s, 1107s, 1051m, 1013m, 991w, 957m, 887w, 856s, 839s, 777s, 756m, 702s, 665w, 636w, 623w, 550w, 534m, 490w, 476w, 469w, 405w. 

1H-NMR (DMSO-d6, 400.13 MHz, δ, ppm): 13.22 (s, 1H, -COOH), 8.75 (s, 1H, -CH=N-), 8.09 (s, 4H, Aromatic H), 8.04-8.02 (d, 2H, Aromatic H), 7.41-7.39 (d, 2H, Aromatic H), 4.26-4.23 (m, 2H, -CH2-), 1.77-1.69 (m, 2H, -CH2-), 0.61-0.57 (m, 2H, -CH2-), 0.03 (s, 9H, -CH3).

Solubility: The acid AV-13 is well soluble in: DMF, DMSO, THF, CHCl3, acetone, methanol, ethanol and CH2Cl2 and partially soluble in acetonitrile.




· Williamson-type reactions using halo-alkyl derivatives  with trimethylsilyl groups and flexible alkane-type and p-hidroxybenzoic acid in the presence of anhidrous K2CO3. Two carboxylic acids were obtained by this reaction: 

	Chemical structure of the synthesized acids and results of research 
	Structural characterization of the siloxane or silane ligands in crystalline state, study of thermal and in solution behaviors 
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 XRD molecular structure of  the acid MZ-4
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TG/DTG/DTA curves of the acid MZ-4
	FTIR(max (KBr), cm-1: 3551w, 3474w, 3416w, 2957w, 2901w, 2882w, 2822w, 1688s, 1601vs, 1578s, 1506s, 1421m, 1292s, 1250s, 1215m, 1157s, 1130vw, 1109w, 1007m, 858vs, 847vs, 775m, 758w, 706w, 636m, 619m, 604w, 546w, 513w, 505w, 480vw, 451vw, 378vw.

1H-NMR (CDCl3, 400.13 MHz, δ, ppm): 9.88 (s, 1H, -COOH), 7.84-7.81 (d, 2H, Aromatic-H), 7.07-7.05 (d, 2H, Aromatic-H), 3.66 (s, 2H, -CH2-), 0.17 (s, 9H, -CH3).

13C-NMR (CDCl3, 100.16 MHz, δ, ppm): 190.94 (-COOH), 171.53, 166.75, 132.21, 129.63, 121.70, 115.83 (Aromatic C), 61.79 (Si-CH2-), -3.18 (Si-CH3).

Solubility: The carboxylic acid MZ-4 is soluble in DMF, DMSO, THF, acetonitrile, ethanol, methanol, CHCl3, CH2Cl2.

TG/DTG/FTIR Thermal stability of the acid MZ-4 was studied by FTIR spectroscopy coupled with a temperature controller. The studied acid decomposes in one step at 268 oC. 
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XRD molecular structure of the acid MZ-5


	FTIR(max (KBr), cm-1: 3366m, 3289m, 3155w, 3119w, 3074m, 3040w, 2951vs, 2895s, 2878s, 2826s, 2904s, 2735s, 2573w, 2515vw, 2428vw, 2012w, 1936vw, 1906w, 1693vs, 1601vs, 1578vs, 1510vs, 1470s, 1427s, 1393s, 1313s, 1250vs, 1215vs, 1184s, 1159vs, 1109s, 1063s, 1047s, 1009s, 895s, 854vs, 835vs, 787s, 758s, 694s, 650s, 617s, 606s, 515s, 453w, 436w, 422w, 382w.

1H-NMR (CDCl3, 400.13 MHz, δ, ppm): 9.92 (s, 1H, -COOH), 7.88-7.86 (d, 2H, Aromatic-H), 7.04-7.02 (d, 2H, Aromatic-H), 4.06-4.03 (m, 2H, -CH2-), 1.90-1.82 (m, 2H, -CH2-), 0.68-0.63 (m, 2H, -CH2-), 0.07 (s, 9H, -CH3).

13C-NMR (CDCl3, 100.16 MHz, δ, ppm): 190.91 (-COOH), 164.27, 132.33, 132.04, 115.98, 114.75, 114.16 (Aromatic C), 71.02, 23.68, 12.53 (Si-CH2-), -1.77 (Si-CH3).

Solubily: The acid MZ-5 is soluble in DMF, DMSO, THF, acetonitrile, ethanol, methanol, CHCl3, CH2Cl2.


· Thioliene addition reaction of 3-mercaptopropionic acid to 1,3-divinyltetramethyldisiloxane. By this reaction a dicarboxilyc acid was obtained:
	Chemical structure of the synthesized acid
	Structural characterization of he siloxane acid in crystalline state, study of thermal and in solution behaviors 
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1H-NMR spectrum of the acid MZ-3
	FTIR(max (KBr), cm-1: 3242vw, 2955m, 2914w, 2662w, 2577w, 2361vw, 1938vw, 1713vs, 1582w, 1427s, 1416s, 1337m, 1254s, 1200m, 1165m, 1059s, 1009m, 941w, 879w, 839s, 789s, 702m, 673vw, 652m, 629m, 604w, 490m, 372vw.

1H-NMR (CDCl3, 400.13 MHz, δ, ppm): 9.94 (s, 2H, -COOH), 2.80-2.56 (m, 12H, , -Si-CH2-CH2-S- si –S-CH2-COOH ), 0.89-0.85 (t, 4H, -Si-CH2-CH2-S-), 0.082 (s, 12H, -CH3).

Solubility: The acid MZ-3 has a good solubility in CHCl3, CH2Cl2 as well in DMF,  DMSO, THF, ethanol, methanol solvents.




Studies have allowed the following conclusions:
· Structural confirmation of the obtained carboxilyc acids was performed by spectral methods (FTIR, 1HRMN, 13CMRN, UV-Vis) and where it was possible, by single crystal X-ray diffraction.

· For the synthesized ligands the thermal and in solution behaviors were studied.
· The ligands based on carboxilyc acids have a good solubility in polar solvents due to hydrogen bonds formed between the carboxilyc groups and the solvent molecules, as well in non-polar solvents due to the siloxane sequences and dimethylsilane  or trimethylsilyl groups. 

· The carboxilyc acids have a good thermal stability due to the intermolecular interaction between the molecules (hydrogen bonds and π-π stacking), and because of the presence of the aromatic and imidic rings in their structure. 
- Scientific report – achieved indicator. 
Additional result indicators:

The results obtained in this stage were the subject of:

 1 accepted scientific article: 
· A 2D metal-organic framework based on dizinc coordination units bridged through both flexible and rigid ligands", A. Vlad, M. Cazacu, M.F. Zaltariov, A. Bargan, S. Shova, C. Turta, J. Mol. Struct., accepted; 
3 oral presentations at International (2) and National (1) Scientific Meetings: 
- Functionalized polyhedral oligomeric silsesquioxanes: synthesis and structural characterization; Dumitriu, A.–M.-C.; Cazacu, M.; Shova, S., 18-th Romanian International Conference on Chemistry and Chemical Engineering, Sinaia, 4-7 September 2013, Romania-oral presentation. 
- Cu(II) complexes based on a new ditiopic azomethine ligand containing trimethylsilyl groups; Zaltariov, M.-F.; Shova, S.; Cazacu, M.; Vlad, A., 18-th Romanian International Conference on Chemistry and Chemical Engineering, 4-7 September 2013, Sinaia, Romania-oral presentation.

- New supramolecular polyhedral oligomeric silsesquioxanes: synthesis and structural characterization; Dumitriu, A.–M.-C.; Cazacu, M.; Shova, S., "Alexandru Ioan Cuza”University Days-Recent Achievements in Organic and Supramolecular Chemistry, 31 october –02 november 2013, Iasi,  Romania-oral presentation.
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