Synthesis and Characterization of Novel Multifunctional Polymer Grafted Hollow Silica Spheres
1.FT-IR characterization
FT-IR spectra of HSPGMA and azole functional HSPGMA are represented in Fig. 1a. The absorption peaks at 1132 cm−1 and 1045 cm−1 attributed to Si–O–Si asymmetric stretching 
 ADDIN EN.CITE 
[1]
. The peak at 3435 cm−1 belonged to Si–OH stretching vibration. A distinctive C=C stretching was displayed at about 1603 cm−1. In the medium and lower energy region, 1700–450 cm−1, small vibrational modes at 1639 and 1386 cm−1 are related to C–H stretching characteristic of CH2/CH3, indicating the presence of remaining methoxy groups. The following bands are well established to specific molecular motions that can be taken as the silica fingerprint
 ADDIN EN.CITE 
[2]
. The signals at 1220 and 1083 cm−1 belong to Si–O stretching. The band centered at 954 cm−1 is associated with the stretching mode of non-bridging oxide bands as Si–OH and Si–O−. The band around at 795 cm−1 is assigned to the symmetric stretching of the Si–O–Si mode. The lowest frequency modes (550 and 470 cm−1) are associated with the rocking motions perpendicular to the Si–O–Si plane, of the oxygen bridging two adjacent Si atoms that formed the tetra or trisiloxane rings
 ADDIN EN.CITE 
[2b, 3]
. In PGMA the carbonyl group gives a strong peak at 1720 cm-1 and the strong peaks at 1140 cm-1 and 1260 cm-1 are attributed to C-O stretching of the ester group 4[]
. The absorption at 900 cm-1 is assigned to stretching vibration of the epoxy group which disappeared up on azole functionalization
 ADDIN EN.CITE 
[5]
. In the high energy region from 4000 up to 1800 cm−1, the appearance of absorption bands correspond to stretching vibrations of OH, NH and CH2 groups. The signals at 3328 and 3174 cm−1 are assigned to NH and OH modes from the ring and the amino groups. Several small bands between 2900 and 2600 cm−1 together with 1926 cm−1, belong to aromatic and aliphatic CH modes. The broad band between 2700 and 2300 cm−1 has been assigned to an associated N–H mode, intermolecular hydrogen bonded in the form of N–H···N hydrogen bonds. Azole functional HSPGMA exhibited a medium absorption at 1577 cm-1 and 1450 cm-1 due to C=N and C-N stretching of the triazole ring. The bands below 1800 cm−1 are attributed to chains and ring skeletal vibrations of H–C–H, C O, H–N–H, C–N. The strong signal at 1630cm−1 is related to an in-plane deformation mode of NH2 group, and the ones at 1604 and 1571 cm−1 to N–H vibration inplane and C O stretching. The series of five fairly strong absorptions between 1500 and 1300 cm−1 assigned to ring vibrations C-N single and double bonds, and also to a deformation mode of CH groups. Additionally except a new absorption at 1640 cm-1 coming from amine bending vibration. 
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Figure 1a. FT-IR spectra ofHSS-graft-PGMA(HSPGMA), Triazole functional HSS-graft-PGMA (HSPGMA-Tri), Amino-tetrazole functional HSS-graft-PGMA (HSPGMA-Tet)  and 5-Amino-Triazole functional HSS-graft-PGMA (HSPGMA-ATri).
After doping Azole functional HSPGMA with phosphoric acid the intensity of the peak at 1577 cm-1 decreases and the intensity of the peaks at 1510 cm-1 and 1450 cm-1 increase which may show the protonation of the triazole ring. Additionally, the peak which appears at 3100 cm-1 shows the N-H absorption. Doping of HSPGMA-Tri with H3PO4, two strong peaks appear near 500 cm-1 and 1000 cm-1 which are attributed to PO2 bending vibration of (H2PO42-) and P-O symmetric stretching of H3PO4. The carbonyl stretching band at 1725 cm-1 decreases and broadens due to protonation of C=O bond. In addition, the disappearance of the azole ring stretching at 1550 cm-1 (C=N) as well as the formation of a broad band at 1940-1960 cm-1 may indicate proton exchange reactions.
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Figure 1b. H3PO4 doped HSS-graft-PGMA (HSPGMA-Tri-H3PO4) membranes.
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Figure 1c. H3PO4 doped HSS-graft-PGMA (HSPGMA-ATri-H3PO4) composite membranes.
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Figure 1d. H3PO4 doped HSS-graft-PGMA (HSPGMA-Tet -H3PO4) composite membranes

2. SEM pictures
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Figure 2a. Hallow silica spheres
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Figure 2b. HSS-graft-PGMA (100nm)
3.Thermal characterization 
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Figure 3a. Thermogravimetry (Tg) Analysis of HSS, PGMA and HSS-graft-PGMA(HSPGMA)  membranes under nitrogen  atmosphere at a heating rate of 10 oC/min.
The weight loss in PGMA occurs in two steps within 200-400 oC. Fig. 3a shows the thermograms of HSS, PGMA and PGMA grafting HSS. TGA plots of weight loss versus temperature (Figure 3a) provide an estimate of the quantity of polymer grown from the nanoparticles. The coated particles consist of both thermally stable compounds that remain in the residue (silica bound to the polymer) and decomposable polymer brushes and initiators that contribute to weight loss. After growth of PGMA from the particle, TGA shows a total weight loss of 90%, which corresponds to a PGMA thickness of ∼100 nm. This thickness value agrees reasonably well with the TEM. Reaction of PGMA leads to a total weight loss of 90%, which is consistent with essentially complete reaction between PGMA and HSS. Clearly, PGMA graft HSS is thermally stable up to at least 380 oC.  After 250oC a remarkable weight loss derives from the thermal decomposition of the polymer main chain. The grafting enhanced thermal stability of PGMA.
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Figure 3b. Thermogravimetry (Tg) Analysis of Triazole functional HSS-graft-PGMA (HSPGMA-Tri) membranes under nitrogen  atmosphere at a heating rate of 10 oC/min
In Fig 3b, TG profiles of H3PO4 doped triazole functional HSPGMA illustrate no weight change up to approximately 200 oC. After 200 oC, can be attributed to water liberation due to the self-condensation of the phosphoric acid and also decomposition the polymer main chain contributes to further weight loss. Clearly, HSPGMA-Tri-(H3PO4)x the materials are thermally stable up to 200 oC and then they decompose.
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Figure 3c. Thermogravimetry (Tg) Analysis of .5-Amino-Triazole functional HSS-graft-PGMA (HSPGMA-ATri) membranes under nitrogen  atmosphere at a heating rate of 10 oC/min
In Fig 3c, TG profiles of H3PO4 doped amino-triazole functional HSPGMA illustrate no weight change up to approximately 250 oC. After 250 oC, can be attributed to water liberation due to the self-condensation of the phosphoric acid and also decomposition the polymer main chain contributes to further weight loss. Clearly, HSPGMA-ATri-(H3PO4)x the materials are thermally stable up to 250 oC and then they decompose.
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Figure 3d. Thermogravimetry (Tg) Analysis of Amino-tetrazole functional HSS-graft-PGMA (HSPGMA-Tet) membranes under nitrogen  atmosphere at a heating rate of 10 oC/min.
In Fig 3d, TG profiles of H3PO4 doped amino-tetrazole functional HSPGMA illustrate no weight change up to approximately 250 oC. After 250 oC, can be attributed to water liberation due to the self-condensation of the phosphoric acid and also decomposition the polymer main chain contributes to further weight loss. Clearly, HSPGMA-ATet-(H3PO4)x the materials are thermally stable up to 250 oC and then they decompose.
The doped samples exhibit an insignificant weight change until 200 oC.  The stepwise decomposition above this temperature can be attributed to water liberation due to the self-condensation of the phosphoric acid as well as the decomposition of the polymer.
Conductivity
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Figure 4a. AC conductivity of H3PO4 doped HSS-graft-PGMA (HSPGMA-Tri-H3PO4) composite membrane.
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Figure 4b. AC conductivity of H3PO4 doped HSS-graft-PGMA (HSPGMA-ATri-H3PO4) composite membrane. 
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Figure 4c. AC conductivity H3PO4 doped HSS-graft-PGMA (HSPGMA-Tet-H3PO4) composite membrane.
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