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Lolws V=Y

78 O9dle il @
FTIR; Fourier Transform Infrared Spectrometer (Bruker Tensor 27)
s rblihn ol il @
NMR; Nuclear Magnetic Resonance Spectrometer (Bruker, DRX 400 MHz)
S e (o9 S95S GoSg See @
FESEM,; Field Emission Scanning Electron Microscopy (MiRA3 Tescan, Switzerds)
S5 S9SN peSwy Soe @
TEM; Transmission Electron Microscopy (Zeiss EM900)
Sl 5 5Pl Blp o pasd el @
EDX-MAP; Energy Dispersive X-Ray Mapping Spectroscopy (SANX, UK)
oSl g p Al ol @
XRD; X-ray Diffraction (D8 Advance-Bruker X-ray diffractometer)
iy LeyS ows @
TGA,; Thermogravimetric Analyzer (STA 504, Bahr)
Fm a5 5 (e (5 ool ol @

BET; Brunauer-Emmett-Teller Surface Area and BJH; Barrett-Joyner-Halenda Pore Size

Distribution (Belcat-A instrument)
W oadciz lawdly 6,55 5,5 (ol @
ICP-OES; Inductively Coupled Plasma Optical Emission Spectroscopy (730-ES, Varian)
ol G950 ey S @
AFM; Atomic Force Microscopy (Nano Surf Easy Scan2 Flex AFM Swiss Co)
RN RERC e SO NZR
AAS; Atomic Absorption Spectroscopy (Hewlett-Packard 3510)
Sraie 3Gl olKiws @
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CHN Elemental Analyzer (Perkin-Elmer seris Il, USA)
DR bl i 3 e (smmiinh olKiws @
DR5000 UV-VIS Spectrophotometer (Hach Canada)
g abhi ¢ Sojlul olfiws @
(Branstead Electrothermal Engineering LTD 9200)
R R g SR TS
(AND GR-200, Japan)
B E RV NI L COWR
Rotary Evaporator (Heidolph laborota 4000 efficien WB eco)
Seigl 2l plo @

Ultrasonic Bath (Parsonic 2600)

S gl @
Vaccum Oven (Bruker)
SupH o
Mettler Toledo pH Meter (MT30130864 Aldrich)
98yl @
Centrifuge (Rotofix 32A, Hettich)
Sl

Shaker (Orbital shaker; Dragon and Incubator shaker; Heidolph)

;o Bruker Tensor 27 zuwcads oSws galwgds ladiges 4,98 bows 50,8 ygole slaal
A Cud KBr 0,8 g, 3l oolawl b Fee e cem™ s3gusne
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8,5 s Bruker 400 MHZ mwcinls 51 oolitul b (DMSO-06) 6598 o gl gus i s

;o Cu Ka il L D8 Bruker ows SoS 45 ladiges (usSGl anil il Jdow g 4y 500

V7Y



plxil 361 slos ;052 MINT Sl Cac o L YO = B-A+° 039050 1 pgnST VOFIA 50 Jsb
W

s5g5e ;5 (TGA, STA 504, Bahr) sy 5T 5l ooliiul b badiges 5,1, (5 0ok
BEINON] RULIC RPN V-S R (K g4 WP E SN IEe] PYC SRV PR JX gid] WO E R P SR PR
A pll ase

Sl S () (955 oSy e gy 5l eoliiul b Slge e (558)58)90
(TEM; Zeiss EM900) (s,q.c S ,:5l CoSws ;S 9 (FESEM; MIRAS Tescan, Switzerds)
285 B sy 9590

(AFM; Nano Surf Easy el (55,0 95wy So 3l oolaiwl b o diges o Cols
A oy 0 SCan2 FlexAFM Swiss Co)

o2l 9 58 Gl rwcisb ol slge Sl jo eansS ES - polie ggi s Sl
s 03lizl (CHN) (s paze 3 JUT 51 yolie 0oy 3:83 Cresd sl o (EDX)

(EDX-MAP, (Sl 552 555 (Hlp )0 el (it bags (5 e (s i
A S a3l 03 s polie asid sl (BB Cewlus L SANX, UK)

o3l Al (6,505l Belcat-A oliws j esliiul b 39,50 55 wdslyois olagl;l
Barrett-Joyner-Halenda «l,3 o;lail & 545 9 Brunauer-Emmett Teller (BET) b colos
WS (et 35508 8 wdzlym i slee ignl Gk 5l (BIH)

Slowdly (6 i3 (5,8 rwend jl ooliiwl b by el gl Ll 10 35290 Tl Hlade
D (6 S o3lail agil YYF/AEY zse Job ,o (ICP-OES, 730-ES, Varian) ol oo_icas>
S a0l e 4 by 5009l Sl it (S5 lade dCP-OES (g )3 a-adls jsbas
W8 s ya vl o FO MIN Gow 4 0V °C los ;0 0,65 31,0 (euisS oS Jsle)

o - 085 Jaue (slod 48 g oad atsu; O jo ash Sl s STy bl o8 S

\RAI



Ae 90 slas 55 STy Lglia a30,5 a8ll 3o Slhgiomo 4 Y ke b sl SIS0
Jsloe 0 gy o iz el Cusods Blads Joloee b ol 030 ST s pl )0 g oo sols &)l
50 g 0a &1,8 ICP-OES ol5iws sabiwgs Ti pate 4 by zge Jsb ;0 ool Cawods Blais
Al (6 S o3l TH paie duo o lie Colys

(AAS, Hewlett- o3l Cd> o s« ol Joloee 10 558 slagyg clale poss sl p
b8 1,8 eolanul 5,40 Packard 3510)

Gyne yea> ;0 UV-VIS DR5000 mw cinls (salwgay wylygld gl cdale g .50 5ludl

s ol OV MM zgo Jsb ,> SPADNS

‘sal.».o.uu Slgo V-V
elorts Slge pled el ouls GIINV-Y Joaz jo sdwgh JI5 ol jo oolaiul 0,50 oleond Slge

w8 )3 18 eolaiul 050 (g5l LRI e

lbond slge cencd A=Y Jgu

ol &S Wb | g bS] Cwodle oslo pb o,
Sy - O] )
S o - Jst! Y
Sy - Jgitee ¥
S o - Ol ¥
Sy DMF Sele B e s o
S o DMSO LS gal g Jia g0 4
S yo DMAC RVLLOW PN \4
S HCI Sl SO 15 0 A
sl AA Al S5l A

V7O



@.’.)Jﬂ LS
53
LA

@-lr‘ﬂ Lo

@.’.)Jﬂ Lo

Na
NaNs3
NaF

CaH.

LiCl
Zn(NOs3)2.6H20
Cd(NO3)2.4H20

Pb(NOs).
Hg(NO3)2
Ph2.CO
NaOH
TiCls
PA
PBr
CuS04.5H20

B-CD

MCC

TsClI

NBS

EDTA

AS

GPS

m..).w
3231 s
RVTILENR
S99 JUye
S3y Sl
O e Sl S
ogux> Ol s
05893
%55)%“ (02 S
315155 pauilis
Slog o35k

RS 5l -

Hoko Gl 55,500
SIS Jegdlsmcddl il
ol ggog N
Sl Soll 5 el g0 5!
w5 505 5 Sz g e =Y

O S 506 35 a9 39 oS g ST

R4

\e

A

\Y

'Y

¥

A

\l4

VY

A

4

Y.

A

Yy

\AJ

Y¥

Yo

Yy

YA

Ya

Q|

Yy



D> (50,8 Sis F-¥

Solei 30,8 s V-F-¥
20,5 a8lol (0 ML) (gl Pl ar Siwdl 4 (0 0) 00l 4l mrows il g0 L S5 o
Pl Sz abiii o 65,1 55 o g oad Lol b Sligime 4 (Fr M) gidyin SLabis
Jsloe (Pl ods Sid o 5,5 ois 2T 4 o] ) (Pl pas Sas (b s b S,k

Lawe T s 5 aefs 550 Jl sl Pl S 10 5 00 ol

doolo pd o 60 (30 )5 Sl Y-Y-Y
WY Se dy g S 18 e G910 Caad b ek S (55, 2 dale B Jtecss P>
s con Pl g oad Blo Pl ;0 35290 w08 meeadS 0B 055 00 &) Jlesl (g el

Lovye] w6 )lagSs Ses Sl JoSUge Ui o (55, 5 oo i azil zals

o F-Y

e omlind duunS g0 Wl)3gib Jiuw V-F-Y

Al aslsl 0°C sles yo (0 ML) Jgbl & o,kad o s (¥#/0 mmol .f mL) o, IS5 sgilis
oo oSid 5l amy ol 00502 a8 190 YO+ Cepw LY T oo a5 3BT glos jo 2aSTy Joloxe
B ol eols &yl A OC Lo 4o y9] 50 59, ¥ o @ 2aSTy Lame 05 40 hleiie S5, L Glas
Sakssds 5 00d wid G ey ol Lol Cessay pog 958 LS8 (S whe B o
Gz shie Ol gazeds anl)d ob )5l ez aiBs 5 0 Fre e (15 m Cepu b Sek il
sles 13 sl ety duhu g,y dwo g i Sl s 00l Sei ke Jgloe PH B ol 1S5 L
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Iy ] o s i Goey Gasb 51 VO-Y M . Skee ,las b 5LLT 56 40 (TiO?)

FTIR (KBr, cm): 3500-3200 (O—H, stretching), 1625 (O—H, bending) and 700-400
(Ti—O and Ti—O—Ti vibrations).

XRD:; 20 [hkl]: 25.3° [101], 37.9° [004], 48.1° [200], 53.92° [105], 55.1° [211], 62.8°
[204], 68.8° [116], 70.89° [220], 75.38° [215].

BET and BJH: Surface area; 64.52 (m? g1), Pore volume; 0.067 (Cm?2 g1), Pore size;
4.04 (nm).

Sl 55 031061 lawgeo (D)2 20 Nm.

o395 g sk Y-FY

(TI/GPS) (3D oS 331 b pguilics’ oSl 50 &ily340 (40 )5 1o Jole V-Y-F-¥
& (T ML) T gy iglsi Bl 55 (1 Q) poliss arSliss 3l gl alos 50 Sl
Lgle 4y g 25 el Pl o Shdgih b o eols 1,3 Sigel 2T plax 45 Yo Min o
mmMol ¥ ML) Dl oS 5506 5 Jos 9.3 oS g0 S-Y (iR b i > VO MIN 5l o 205
Oi9rws 38 Cos YE N o as Ar OC (slos jo 1Sy boglore s .ol adls] o, dad o a8 (/40
Cawddy gy - 598yl ol ST 5l o (Jb Olgiome (iiSTy plas] 5l am .ol cols &l >
Y MIN S gy 59dg5 Pl 30 s 5 05 00ls s Joilie 5 505 bk aiz el
gt g i ol Al 0s 7,1 owilandl LalBl WS e b w ools 18 Sigusl T plox
A S YFPh oo 4 Ve s OC loo 1o gl 5o Cules ;0 90l 1S5 0,Lg0 sods 2ol il 343
5B 3 g 0ad Jha (sop g ) sl 0 Djge 4 g oad ednle (ole o Jol> g,

Ivey] ws 5 6l

FTIR (KBr, cm™): 2925, 2850 (C—H), 1450 (Si—0—C), 1260-1250 (C—0), and 1110,
800 (Si—O—Si).

XRD:; 20 [hK]: 25.3° [101], 37.9° [004], 48.1° [200], 53.92° [105], 55.1° [211], 62.8°
[204], 68.8° [116], 70.89° [220], 75.38° [215].
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(THGPSIAS) ¢yl 135 9 31~ (50w S 931 9l douaST( g3 idns Y- Y- F ¥

a (YO ML) O 00 suale 3 Lo P> 0 slae (VY @) TI/GPS &, 355L (g9l> 6+ mL b

g ol Pl j0 Sl 3gl 5l s eiss wie Bed S 18 Sl T pla> j0 Ve Min Sow

Lol 0,95 po Jl> j0 [iaSTly Lol a0, had 0,08 (VO/FY mmol Y ML) ol b5,b 9 (s

O Sl o STy balse .ol ools &yl YEh o s A OC (glos o STy Lol .ol

051 55 ol iy i o0l 2t Jio] g 8 hiacss sla Pl L b i 5 0 35 b

A e YP h Soe aw A °C slos o

FTIR (KBr, cm™): 3310 (Caiyne—H), 2930, 2856 (CH2), 2190 (Caikyne—C), 1575 (NH),
1167 (C-OH).

XRD; 20 [hKI]: 25.3° [101], 37.9° [004], 48.1° [200], 53.92° [105], 55.1° [211], 62.8°
[204], 68.8° [116], 70.89° [220], 75.38° [215].

Polw ol 559,500 ' g jlwoolel ¥-Y-F-¥
bz )0 g8 5 J ol oy, 51 AMCC) sl (pdlins )89 ,Se 63y Pl (2331 6l
a Jgilie Pl o laml Jobo olbias 59,500 IVFY] ai solinal Y D> Lasgns (3, 5l eolisul
S YF h Gos 0 A °C sloo b yg] 10 9 000,5 Glo woads 08jpe lasme sles ;0 V h G
gl b ey Blo s 00502 Ul glos ;0 V T o 4 aelinl Juie60 Pl 50 s 0l
IVFF] o 8 e YN Gas g Ar °C los b sl 4o g o atnds
FTIR (KBr, cm™): 3429 (O—H, stretching), 2922 (C—H), 1625 (O—H, bending), 1450,
1300 (—CH, —CH2), 1200-1000 (C—0), 710-611 (native cellulose).
XRD; 20 [hKI]: 14.88° [1-10], 16.68° [110], 22.74° [200], 34.5° [004].

BET and BJH: Surface area; 2.31 (m? g1), Pore volume; 0.002 (Cm?® g%), Pore size; 4.38

(nm).

! Pretreatment
2 Solvent exchange
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S0 y9b sl (Crl): ~ 52%
el 55 031051 bawgio (D): 6 NM

(Cell-OTS) (Fokuw cunSTo-F— Juwgil)i—9) &Slawgs oku icw F-Y-F-¥
(V- IVS MMOL ¥ ) 031,15 auid 8 e g (omboliio (50 s gm0 Vo + ML ailas g0 L S o
d Jglome 4 () 9) o oolel PJobuo i )89 S0 s o (Ve ML) deliol fass D> o
0318 &yl 3ayies 3 o FA D e s Av OC (glos 4o 5 o0 adlol dsliasl Liogs o Ayl 1S
ol 55y S Bele Jolono 25Ty B8 Slygin (i S5l any 0,5 o Jolo b s
GLo 01+ OC glos 4o oyad o,kad (VO ML) asbil Litocgs (AN ML) syal Ll 5 sl
Jslsm B3elgihly G 0950 oo Lazme Slod 0V N e 4 Joloe (nl al ool ol ol
h e s o,kad o,a () ML) aebinl Liess P> 55 s J> (VA/FS mmol ¥/0Y g) w15
B-1+ °C sloo o YF N o &y STy bogle ol adlsl 0-V+ °C sles o STy Joloee 4 )
S Dgasy M iz ) laiie O J51s 4y 0pkad ol (1S Ty Jolore ( STy pladl 5l any ad 00jee
s el A (sl ok ol g 5 5o 5 T ol yeolin b 5 00 Slo Jol> o,
Blo jl dr b daze (B3guw, shie Ol jo g 0ad o dusle B e s Hlode Pla> o Jol>
20,8 S YEh as 0 A 0C los b ol 53 gmsy (Joilin 5 jhaiie T L g 5 (3,5
[y-v]

o33L: /Ay

5,595 (o sl az s (DSs): 1.02

FTIR (KBr, cm™): 3068 (vas C—Harom.), 1598, 1495 (C—Carom.), 818 (vs C—Harom), 1371
(vas SO2), 1177 (vs SO2).

XRD: 20 =20.45°

BET and BJH: Surface area; 20.36 (m? g1), Pore volume; 0.022 (Cm? g1), Pore size;
4.39 (nm).
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(Cell-Ns) (Hobw omuSTo-5— 901 5T-#) w31 ol iiaw B-F-F-¥
- Jie 60 ;0 (V 9) ESMwsgs Holoo <0 0 5 gmmbline 02 4y pzme Voo ML wlaogs JL S o
50 STy bglee .aus 5 aslal (VO/YA mmol ) @) aujl meows ol 4 g ool Jo (¥ ML) aole
5 b Slgize ol S35l o o ool &ylm 5950 38 cos YE N Gae 4 A °C sleo
St ogay B ol aBe ) yhadie OT 3o a5 0 ab o,ha8 25Ty Jgle ¢ SLol ol meas (0,5 Slo
@y o ool i Jgilil g )5 sl ST 0l pze b g oad Blo gy 090 545 0y ST
Szt (B3 gusy slaie Ol 50 5 ad o aale B Litacss Hladie JBlax 0 g Tin (5le all>
B+ °C slos ;o o9l 50 gy Caled jo 9 0 1S5 0)bgd gty g (53,5 Blo an T3 . S ploxil
Ivvol we 8 e s cos YE D o,e jo
oo;L: /A¥
039y 35l 4z, (DSN): 0.84

5,545 355> 4z, (DSs): 0.18

FTIR (KBr, cm?): 2115 (—Ns)
XRD: 20 = 22°

(Cell.COM) pguilin dnmnSTi5- J93T 5 5~ Hodaw g jgmols s #-Y—F-¥
ML) LS g5 fmios )3 (1 9) w31 Sshos o qublitio 500 a1 5020 B0 ML 5 S L S5 5o
1Y 9) Seo s8] sl g Glhaie OT Y ML o «/F MmOl ¢+ /N §) o Sligus s .0 Jo> (Y
A0 MIN Sow 4 2:STy Jolomo (40,95 o2 5l am ol adlal ol 4 (Glaie oI Y ML s V/Y mmol
YEh G as A OC glos jo STy balses g oo adlol o1 a5 (/Y0 @) TI/GPS/AS il 34l
by 00,5 Blo Cgu sl a3, shaie O jo (2iSly bgls (s Sis 5l amy s ools &)l >
sbes ;010 MIN Gk 4 (0 ML) posigel 0wy 0um Joloe 10 Cgusy .o 00l s ylaiie O]

uT La W Blo SJ)WS 6‘09.9(3 Sgm éj.w C)L‘> Doy O oa.»l.o.‘sl., O S b o RSN dbl
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0gh St b s S IEVFh Gae g A 0C glos 0 M5 51 10 5 o eols g lake

FTIR (KBr, cm™): 3431 (O—H, stretching), 2921 (C—H), 2104 (-N3), 1628 (C=N), 1580
and 1445 (N=N), 1379 (C—N), 1285 (ring vibration), 1066 (in-plane ring C—H), 552 (Ti-
0).

Sl 45 03101 lawgio (D)2 20.3 nm.

pewilind Hlade: 11.69 Wt% (ICP-OES L oo (5 ,50;lul) and 12.75 Wt% (TGA L ooy acwlxs).

gl Pb (2 S o gl i ¥-F-Y
(TiO2/AS) M gimo] b gl sl g8 O350 40,5 415 Jole V-Y—F-¥
& Sigmd 2T pla 55 (¥ ML) 3llao S5l 15 3lao () @) plics asmSliss S35 sl ol
08,5 sbm] Pl 55 D36 51 6 laul b § ey Gl o bl ools L3 Ve Min S
Lol STy byl 45 0,k 0,18 (VV/E5 MMOL Y ML) ¢ Mlas oo 55006 5 et 30 -Y S 5
STy bsle 1288 18 a0 515 ot VE D ke 4y G5O, byl ot ST, ome
3 qo Cgmy A Gai il ABBS 1 e Frrr ey LY MIN Boe 4 ol Sl o
Cansddy gy 3 g5 00,55 STy BLo! Dol b o atacd bl szl  Jabl b oo
ail B 00,8 ide Sogul T slom 40 0 MIN Goe 4 g ool 4By, Glhe Jebl 40 o,bgs sl
S YD Goe 4 Ax 0C slos 10 M 9] 50 gy 5 00,5 1S5 0,lgs g § 5 2l
Coled )0 5950 haud g0y sl 3o, 09 Ojso 4 B ol canle Hole )0 odd Sis Cgusy ol
Ivve] s o)l [ eilms o
FTIR (KBr, cm?): 3448 (-OH and —NH3), 2927 (C-H), 1627 (-OH), 1545 and 1455
(Si—O—C), 1128 and 480 (Si—O—Si), 999 (Ti—O-Si).
XRD; 20 [hKl]: 25.3° [101], 37.9° [004], 48.1° [200], 53.92° [105], 55.1° [211], 62.8°
[204], 68.8° [116], 70.89° [220], 75.38° [215].

BET and BJH: Surface area; 84.43 (m? g!), Pore volume; 0.235 (Cm? g%), Pore size;
11.15 (nm).
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T 50,8 A8lol Lok a8l T a V- °C 5 sles ;o Ve MIN Goe 0 oSS (NBS;) F/5)
8L s Sloel Cules )0 5 708 (b 4 S5peS 95 5l Joloe SO, aSTy Jsloe 4 NBS
bglses (30500 30,5 Lol 361 glos 1o (2aSTs Jsleo 4 (- /AA MMOL ) ) 1 e 0515
TE D Gt 4y 55Ty ol i ol (o5 0565 30m0 Jplons 5 il sl Lngone (sles 5 (3255
Jeol> 0,5 50,8 Jolomo po o 2iSTy plasl 5l o .ol eols &l > 65,1 55 s VO °C slos o
a0 b ol Jolo Lale Jsls T oty Ladé Jsloo b 0 ools ialS (g5, 51 ool L
S g s sl 33,5 Lol b Jols Jgilie 30,8 Jslowe PH . Lol (Y-« ML) Jsilio
Cguy Sl g Jele S5, ol (25,6 o] 4l a5 ol eols oo YV 4 Y (Y M) Jgike yo
e 3l Al Gl ool gind Ol g Jgilio b 5 0,8 Blo gy 09 K5j0eS slosed
Bl jlan g ol ools Cowy Joilie ;o 0)lgs 5 00l o sslo B fieiss jlade Jilam ;3 g,
DYl 0o 3 Ses YEh Goe 400 °C slos 1o 151 4o Jgilbio b saome (soiincts 9 48,5

053l 734

©gd ahdi = 212-214 °C (dec)

FTIR (KBr, cm™): 1261, 585 (C—Br).

Anal. Calc. (Ca2Hs3Br7Ozs): C 32.02, H 4.03, N 0.00. Found: C 32.10, H 4.09, N 0.00%.
IH NMR (DMSO-d6, 400 MHz):

§ (ppm) = 6.04 (d, J = 6.8 Hz, 7TH, OH2), 5.91 (d, J = 2.0 Hz, 7H, OH3), 4.98 (d, J = 3.6
Hz, 7H, H1), 4.01 (d, J = 9.6 Hz, 7H, H6), 3.82 (t, J = 9.4, 7H, H5), 3.69-3.61 (m, 14H,
H3, H6?), 3.41-3.35 (M, 14H, H2, H4).

13C-NMR (DMSO-d6, 400 MHz):

§ (ppm) = 102.55 (C1), 85.08 (C4), 72.74 (C3), 72.50 (C2), 71.46 (C5), 34.89 (CB).
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[CD-(N3)7] (2 yoomss 0 gl
MMOL ) §) Ssleg p (2 S 35lSms 03100 5 (orblisin ()70 a2 je2me 80 ML &ilas 90 L G s
& (VA MmOl /0 @) w3l o o oS Jo (Ve ML) sl 3 Litegs Dl yo (47
Sl 595,155 cov A °C sles ,o YF D Gow 4 25Ty bglses 00,5 adlol ziSly bglsw
aslol (0 ML) jhaie Of 4y 28Ty Jebors o361 slos b Il Slgiome o iz 5l a0 ools
£S5 ke ST L s Blo jl o sdel sty gy ol Jolo (K s i jlns oy 5 0
LYeY] s 5 Ses YEh Goe 4 00 °C sles 4o o5l 10 Cules o 5 0 ools gt ol e b
0d3Lr 740
©gd ahidi = 242-243 °C (dec)

FTIR (KBr, cm™): 2107 (~Na).

Anal. Calc. (Ca2HssN21O2): C 38.51, H 4.85, N 22.45. Found: C 38.46, H 4.81, N
22.59%.

IH NMR (DMSO-d6, 400 MHz):

8 (ppm) = 5.92 (d, J = 6.8 Hz, 7H, OH2), 5.77 (d, J = 1.6 Hz, 7H, OH3), 4.91 (d, J = 3.2
Hz, 7H, H1), 3.79-3.71 (m, 14H, H6, H3), 3.63-3.56 (M, 14H, HE’, H5), 3.40-3.32 (m,
14H, H2, H4).

13C-NMR (DMSO-d6, 400 MHz):

8 (ppm) = 102.49 (C1), 83.64 (C4), 73.04 (C2), 72.44 (C3), 70.77 (C5), 51.77 (CB).

65— (Y Y N)-TH- o g0g —F)-F) S lind) SlS (33 oS 99l 30w F-Y-F-Y

(CD.ClicK) (¢ yiuwS SelSms—B— (ST —#— (Ja1-V-J g5
(1Y MmOl ) §) w51 0 S 0515 Jolome &y ¢ ubline (500 &) jzme Ve ML G S5 50
- tesd Pl 50 (1A mmol <N 9) ol o y5l g (+/Y MMOL ¢/ g) o SlaSgs
s a8lal BB cles 45 o,kad o,kd (VYA MMOl ¥ ML) ayleg ki3 bas (s ML) dpele 3
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SaiSTly P poxe ¢ 2iSTg plas! 5l ams ol ool & )l> 0+ °C sleo o FA D Sae 4y 2iSTy Jolxo
gy 3,5 e (Voo ML) Gail 4y 28Ty balbee s 03 o0l (2l S5 o 5505 b
olons 55 ol gy 4 s Sl aiz . gl 5 Jailin b 5 Blo Jol> 55, 05 (sloged
il e Sai b o 00502 361 sles ;0 YO MIN oo 45 (YO, b+ ML) posigel aunS's oun
°C LgLo.) )QE)L‘}L’”—‘ )os‘c\.':.wi) Qj"-‘*“ﬁ)-b“‘-’—‘l-"‘-\“’ Slo 6‘09.@5 ) b}u C)L> ) )‘

20,5 e YPh Soe 4 A

oo;3bl /Ay

FTIR (KBr, cm?): 1634 (C=N) and 3100 (=C—H).

XRD: Broad signal at 26 = 10-35 °

Anal. Calc. (Ce3sHs4Br7N2102g): C 35.31, H 3.95, N 13.73. Found: C 35.08, H 4.01, N
13.69%.

Pl S 50~ J331 (6 35 (s O S Sy 90l S G s O- Y-

(CD.COM)
MMOl \ ) SIS S 09lSms S 5 3500 5 (ompblitio G700 @ 5920 00 ML b Sy )
s Wiges 0 > ¥ N Se ;5 A0 °C sles 45 (Fe ML) wlaS gilgu iass D> 4o (- /F5
ools &yl A 0C slod ,o YE N oo 4y STy g ol adls] iiSTly Jolxe 40 (+/YF ) TIO2/AS
gy g o 4l (Voo ML) e ol 4y (2iSTy bglics o STy Lame oy S5 51 dmy
A+ °C oo ;o YF h waw a0 9] 40 g 0o s yhaiie Ol b tod Blo Jool> 5,065 (sloge

ool /Ay
powlid Hladel V0/2 W% (ICP-OES ;LT L ooy (5 ,uSe ;1)
FTIR (KBr, cm™): 3394, 2919, 1641, 1431, 1367, 1155, 1047, 944, 667, 589.

XRD: Broad signal at 20 = 10-35 °, and 25.3° [101], 37.9° [004], 48.1° [200], 53.92°
[105], 55.1° [211], 62.8° [204], 68.8° [116], 70.89° [220], 75.38° [215].
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! Antibacterial effect

2 In vitro

3 Gram positive bacteria

4 Staphylococcus aureus (S. aureus)
5 Bacillus subtilis (B. subtilis)

¢ Gram negative bacteria

7 Escherichia coli (E. coli)

8 Pseudomonas aeruginosa (P. aeruginosa)
% Kirby-Bauer disk diffusion method
10 Mueller-Hinton

1 Gentamicin

12 Chloramphenicol
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! Cytotoxicity effect

2 Fibroblast (Fib)

2 Dulbecco’s modified eagle’s medium
4 Fetal bovine serum

5 Penicillin

6 Streptomycin

7 Optical density
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Abstract

In this project, biocompatible bio-nanocomposites based on the microcrystalline cellulose and f3-
cyclodextrin matrix together with the titanium dioxide nanoparticle filler were synthesized
through click reaction. Titanium dioxide nanoparticles were synthesized in the anatase phase with
a high purity and average particle size of 15-20 nm by sol-gel method. To prevent accumulation
problems and to create a good distribution of titanium dioxide nanoparticles in organic solvents
and substrates, their surfaces were modified with appropriate silane coupling agents. Modified
nanoparticles were placed on the surface of modified microcrystalline cellulose and f-
cyclodextrin matrices with a cupper catalyzed azide-alkyne cycloaddition (click reaction). The
bio-nanocomposites structure were characterized by conventional detection methods such as
FTIR, FESEM, XRD, EDX and etc. The Synthetic bio-nanocomposites were used as adsorbents
for removing of heavy metal ions such as zinc, cadmium, lead and mercury, as well as fluoride
anion from aqueous solution by batch technique. By studying the isotherm (Langmuir, Freundlich,
Temkin and Dubinin-Radushkevich models), kinetic (pseudo-first order, pseudo-second order,
intraparticle diffusion and Elovich models) and thermodynamic of adsorption, the mechanism of
ion adsorption by cellulose nanocomposite (Cell.Com) and cyclodextrin nanocomposite
(CD.Com) indicates the chemical adsorption of single-layer ions on homogeneous adsorption
sites. The results of ion adsorption showed that the Cell.Com and CD.COM are effective
adsorbents for removing ions from aqueous solutions and their high adsorption capacity due to
the synergistic effects of titanium dioxide, triazole rings and Cellulose/Cyclodextrin matrix. The
Cell.Com and CD.COM adsorb ions during a short time due to the high surface area, porous
structure, having a large number of functional groups as adsorbing sites, nitrogen heteroatoms of
1,2,3- triazole rings with chelating capability and the ability to form a host-guest complex. The
antibacterial properties of Cell.Com and CD.COM were evaluated against gram positive
(Staphylococcus aureus and Bacillus subtilis) and gram negative (Escherichia coli and
Pseudomonas aeruginosa) bacteria using disk diffusion method in agar medium. The results
showed that the Cell.Com and CD.COM have a wide range of antibacterial activities against both
gram positive and negative bacteria due to the presence of titanium dioxide nanoparticles and
triazole rings. The in-vitro cytotoxicity effect of synthetic bio-nanocomposites by MTT assay was
investigated on normal fibroblast cells and cancer cells (HeLa, MCF-7 and Saos). The results
indicate that bio-nanocomposites do not have meaningful cytotoxicity effect on normal fibroblast
cells and have the ability to produce toxicity and destroy cancer cells. The triazole rings in the
structure of the bionanocomposites play an important role in their anticancer properties.
Keywords: Microcrystalline cellulose, $-Cyclodextrin, TiO2, Nanocomposite, lon adsorption,

Antibacterial activity, Cytotoxicity effect
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