i)
OB Ao ald s aul
G mind] dana aldus 1 pudial sy

has o S lalaialy any s dpalel) Vs (o 2paall B g ju s o sale sai b ale jraall Laliid) 8 sall Qe e
ha dle clla iy jraall alite (5 sinal 450 58 50 Sl paibiaddl o el ) shai 5 Lgalapdai s deliall Jlas &
i 3y Liad 28 5 Adlise daale Ve B Lilinkaiy jraall Laaliiall o sall el (2 ya5 (Al 5 Joiiasall 5 jualall
5 8y &y gumall o shal) A1) 3] 5 Ay pemall Ve ill ial) Enliial 3 pall (e sasinall ol 3l 5 el 20dST e
Al e apally B s IV Slen Lomil s (s pemall (s SSIVT el Sl ladill 381 pall o3 il 1 3
O 58 Bad s (g ) sl (S suall Sleadl VA8V (g ) padl (5550 Jilad Gl 5 o) jaad) Cand 42 8Y) Cipha 5 (S
el Candind )y iall il i sal) e sadieall €Yl 3l 2 all aaliial 3 sall (e pilide
ol Al Y Jle cld Gl &Gl e g e dac el jrall dalitall Cilaguall g A gual) Haall Sl 4y guaal)

4 guanll LS jall JI 38

L (5 5 Jlae Gl 5 (e Sl 2l sl Laliil) 380 sall 31811 e saiaal) L 5S 5 311 ity W of Ui i
1o 53358 31 20T s U 5 4815 ) salaaall a2 o gl 300l 5 G AT 208 pn 58 S ) 330sS) by
Dstlall 5 Gam AN 2l 5358 ) 3 20T e e i ol yelal o gailill

Diall Lalital) SN Glapn e 5y 4305 Jal e o 5l (508 JSE 3 ) gall daeda Bapne il jaid g0 skl i

Ay gumall L5 5 il (o) JIFAY linY caasiiod 31

— bl i (sl Jie g salad) Sl Jor e Al Alle dpalisa s 558 JSE @ld rall dpaliie o 5o aanals i
Sy Jsi gl A1) IR0 da) e el sl i e shibuadl A IS 5 ¢ g0 pSH 2 gasl 5 WS e sl ) s
nppiy AV qe A jlie g 5 i€ olad Jle Bl sl i (ol e s SH 2 mid 5 5 shlad) SR B e |

Ldal) 1 b Adasdle pa J i 5 55 € ) FRY Lk s (dadl) e jrall Lalite Clapuns sadall 3 sl me i ell



5% el ol o siladl i) 0 0815 (5 A1 Tallaall e 4 jlie J g8 sial-€ ) Jsi g i€yl 6 8 Jle L e
LSl aliae Lol yelal (55 ,SI JSll 5 jrall daliia) (uladll Clagus aca e

& ot Al a5 S 3 gl e el ra Al 2ST o srall dualite ) ge s Liad 5 AT 43 a8 Gy
s Onem s fu (o) 5 Vo (o) ame i Adnian 3L  sabial)l DA (e 4 s a0 9 5T AdliAe 43 ) 5 o
Gl 215 850 JSEN e difia o) 5aS (alaill g Al s (o U Bl a3 08 5 D1 S5 8 sl gl 2 8 e
3 gl 5 G Al 23S 5) ald B0l 5 e AdanBle i 4 guanll F L) 5 J s i) dae (e e J) FAY Sl aa
Ll g laas b 5 shibud) DA ae 5 5le 213 3y g laa¥) 5 s s sl J) 3] Jame Gl salaaall c3a ) ¢y 59 S0
ol gl Aadll o) g gala¥) AN pe A jlie Jadi) i Jead ulaill g dazadll (e Sl LS ol Adaadle

Al cladal) e ladinall a sl g (g LAl 2 L Ay gaaell il glall 5 gaall (5 aal) il 4als g
Ll ¢y s S g g S AT g lalill 0 KU g @ saie oW1 uea HIAD Jia dadiiall () g9 1L Ada 50 pall Zalii€ 5 gl
o3 gaan (Gl o 5 Al Aallaal s il Adee J3A o il () g3 SU 5 ppaiaaill-a 50lSH (e daglis (S 6 spealSH ey
A 5V §luaDl 5 (b bl iy g o) yuadll) SO 5 U ) oy ST) A S $LuaDl aeai s AN 3Y il liad)
Ob Gay e el dsa g are (B GIS 5 Anndial) (5585 A pall 5 Guadil) Al ot el 5 (s s8I jend s JUE ) Jinall)
a3 o8 Dl e Aaally 40 il Slaadl a3 Gallall 3 )l U SV OIS Elual) s2a US
Can S il (e JuzadWH S5 Cag k) pan b il Cudae ) a8l sl asas b A U i) 5 el dail s
Lo ) 5 <l Slandl o3¢ 48U 5 gad (yealidil Cad < Slaall o2g] Jladl) Ll (5 3y g (A pall 6 gacall 5 puadll s

OB Ao ald
daa 2017



Development of Nano-catalysts and their applications in organic
synthesis and photo-catalysis

Abstract

Student name: Shahid Ali Khan

Supervisor: Abdullah Muhammad Asiri

Nanocatalysis is the rapidly growing scientific area in many scientific sectors and finds much
exciting and practical application at the industrial level. The development of diverse
physicochemical characteristics of materials at nano-scale level is highly demanded the present
and future applications. Viewing the importance of nanocatalysis and their vast application in the
various scientific fields, we synthesized various metal oxide and metal based nano-catalyst for
organic reactions and removal of organic pollutants. These catalyst are largely characterized by
field emission scanning electron microscopy (FESEM), transmission electron microscopy
(TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), ultraviolet-visible
spectroscopy (UV-vis), diffuse reflectance spectroscopy (DRS), infrared-attenuated total
reflection (IR-ATR), thermal gravimetric analysis (TGA), and photoluminescence (PL). We
synthesized two different type of nanoscale materials; metal oxide-based nanocatalysts which are
used for the organic reactions and photocatalytic degradation and zero-valent nanoparticles
supported on highly stable polymeric materials for nitroarenes and organic dyes reduction.
Firstly, we synthesized zirconia based metal oxide nanocatalyst for the synthesis of coumarin; an
important biological scaffold with diverse biological potentials. ZrO, are doped with ZnO and
Ti0O, as well as supported on cellulose, among which ZrO,-TiO, displayed good catalytic activity

as compared to ZrO,-ZnO and ZrO,/cellulose.



Several polymeric supporting materials were developed in the form of sphere and sheets for the
Zero-valent metal nanoparticles support and stabilization, which further applied for the reduction
of nitroarenes and organic dyes.

In one embodiment, we design highly porous and stable sphere shaped supported materials based
on polyether sulfones (PES) such as PES, PES-silica (PES-SiO;), PES-carbon black (PES-CB)
and PES-cellulose acetate-CB (PES-CA-CB) for the reduction and removal of nitrophenols. The
PES-CA-CB indicating strong activity for 4-nitrophenol adsorption, as compared PES, PES-
SiO,, and PES-CB. After that, °Cu nanoparticles were supported on the synthesized materials
and applied for the reduction of 4-nitrophenol. We observed that °Cu@PES-CA-CB indicating
strong activity for 4-nitrophenol conversion to 4-aminophenol as compared to "Cu@PES-SiO;
and °“Cu@PES-CB, however, PES was not able to support the °Cu nanoparticles. The spheres
also indicated good anti-bacterial activity.

In another embodiment, we synthesized ZnO nanomaterials supported on carbon black
(ZnO/CB). After that, the synthesized ZnO/CB was embedded in 3, 4 and 5 weight% of the
cellulose acetate polymer host material and named as ZCA-3, ZCA-4, and ZCA-5 and cast in the
form of sheets morphology. The bimetallic CuAg and metallic Cu and Ag nanoparticles were
stabilized on the aforementioned sheets and applied for the time-dependent reduction reactions of
various nitrophenols and organic dyes. It was observed that increases the ZnO/CB content to the
cellulose acetate polymer sheets, the rate of reduction of nitrophenols and dyes were increased as
compared to virgin cellulose acetate sheet. We also observed that the bimetallic CuAg
nanoparticles are the more reactive catalyst as compared to metallic Cu and Ag.

For the photocatalytic degradation of organic pollutants, we synthesized Zn-based and Cd-based

layered double hydroxide (LDH) wrapped in activated carbon (C) such as Zn-Al/C-LDH and Zn-



Cr/C-LDH while, the Cd-based catalysts, Cd-Al/C-LDH and Cd-Sn/C through co-precipitation
method for environmental remediation. All these catalysts were applied for the removal and
mineralization of cationic (acridine orange, malachite green, and crystal violet) and anionic
organic dyes (methyl orange and congo red) under visible, ultraviolet and solar light exposure as
well as dark conditions. Among all the dyes the acridine orange was predominantly de colorized
with the stated catalyst. Approximately, 90% of acridine orange dye was removed with the
catalysts under the influence of sunlight. Most importantly, all these catalysts worked well in the
dark, ultraviolet, visible and solar light, however, the best result were obtained under the
influence of solar and visible light. The superior catalytic activity of these catalysts in visible and
solar light is due to the low band gap energy of these catalyst which make them suitable

candidates for practical implementation.



