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Abstract : A pilot study for establishing a nanotechnology national center of excellence in the Arab

world
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A pilot study for establishing a nanotechnology

national center of excellence in the Arab world

Abstract :

On the basis of the Arab initiative for adapting
nanosciences and technologies and converging
technologies initiated by the Arab Industrial
Development, and Mining Organization (AIDMO), we
put within Arab States’ reach "a pilot study for the
creation of a model national center for nanotechnology
in Arab countries" in priority sector such as: energy,

water, environment, agriculture, food, health,
nanomedicine, = manufacturing, electronics  and
nanomaterials.

The main purpose of this study is to clearly
contribute to the introduction of this important
technology to Arab countries that do not have such
centers or those willing to upgrade their existing ones,
and make it available to Arab researchers and
specialists in an effort to raise awareness of
nanosciences and technologies and attract modern
technologies to the Arab region.

In this connection, the study comprises three areas
that review corresponding models at the Arab and
international levels, sheds the light on the most
significant required academic and scientific disciplines,
and puts forward the executive plan for the creation of
an academic nanotechnology center.

The first chapter broaches over a survey of some
academic and corresponding institutes and centers in
Arab and foreign countries, to get acquainted of the
cutting-edge ideas. It also focuses on the structure,
objectives, infrastructure and creation philosophy of
these centers, along with human and technical
capacities and their most important scientific and
academic outputs.

Furthermore, this chapter offers an outline of these
centers’ role in the development of nanotechnology
in some Arab countries which figure prominently in
the field of nanosciences and technologies, and in
USA and China (nanotechnology leaders), since the
large number of these centers and disciplines
unlocked the gates for these countries to be on the
top of the list in terms of scientific publications and
granted patents, as shown in the pertinent tables.

The second chapter underlines the proposed
academic, scientific and research disciplines that
could be included in these centers according to the
requirements of countries willing to establish such.

In this vein, it was suggested that the academic
disciplines should be in three main areas:
nanosciences, nanoengineering and nanomedicine in
which the proposed center / institute can specialize in
one or all disciplines as per the available domains.
This is done in order to better qualify the targeted
cadres in Arab countries that own a well-devised
infrastructure and competent staff and able to
accommodate researchers operating in scientific
laboratories.

Thus, each country can select one or more
laboratories within its scientific and economic areas
of interest, noting that five laboratories have been
proposed in the areas of nanomaterials development
for water desalination and treatment, nanotechnology
development for energy generation and storage,
nanofertilizers development and packaging materials,
nanomedicine, and nanomaterials manufacturing as
well.
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The third chapter examines the details of the
executive plan for the creation of a National Center for
Nanotechnology in Arab countries where such centers
do not exist, or with the aim to renew their existing
centers’ plans.

In this context, the detailed executive plan proposes
the creation of an academic research center where
master and PhD students can obtain their degrees on
the one hand, and where the workforce can carry out

research and technological tasks on the other hand. On

this basis, this center will contribute to the

development of staff with a solid academic and

technological background, and take part in scientific
and technological activities through the inauguration
of modern scientific laboratories (as mentioned in
chapter 2) that will strengthen a country position in
nanotechnology field via the publication of
researches in international scientific journals and
patents for potential products that attract
entrepreneurs being funded to set up nanotechnology

companies as the overarching objective of this work.

In the end, the study focuses on the most important

outputs and some useful recommendations.
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: (10-1) JSiir Oty LaS slgall alga gulys Jaloa
Atomic Force Microscope (AFM).
Auger Electron Spectroscopy (AES).
Contact Angle/Pendant drop.
Density: Helium Pyconometry.
Electron Backscattered Diffractometry (EBSD).
Energy Dispersive Spectroscopy (EDS).
Electrical Characterization.
Electron Probe Micro Analysis (EPMA).
Focused Ion Beam (FIB).
Fourier Transform Infrared (FTIR).
Raman Spectroscopy.
Scanning electron Microscope.
Transmission Electron Microscope.
Thermal Analysis (TGA, DSC, TMA, DTA).
Particle size analyzer.
Zeta Potential.
Surface Area analysis.
X-Ray Photoelectron Spectroscopy (XPS).
Time of Flight Secondary Ion Mass Spectrometry.
X-Ray Diffraction (XRD, SAXS-WAXS).
X-ray Photspectroscopy (XPS).
Mechanical.
Mercury Porosimetry.
Nanoindentation.
Optical Microscopy.
Optical Profilometry.
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Nano Fabrication Lab gilill gtin'i Jaes .2

Glaoall éiaal dilsn Gléai CGilsyddl gle Penn State Nanofabrication j1iia yéqy
ddg @é Glsyiill g o Joell Linnis 8)lmall @llc L1idi Lasla jég 19 .Lmy danlAll
og-lall @é dying & cgane dile o quydy Lo eljlinng ellell sLail grang Lyilaluiy
Otaligag dnniis Cilgal Nanofab yagy LS .ggilill sgimall @le yiilill dylle dwaimllg
89-8 guSai @ ill C¥laall b Guialill 0gacsy Llle Lyat Guiyaag Bps (593 Opiad
slymSilg dyall a8 nll cupuyig 331 quyi ells (96 Loy cdealally guyaill dim sbac
.MEMsq CMOS g ale3ll &yilif slgallg déybyll dpiiei dybalon il

dtigyiSI¥l dojally dgpaall & clall Nanofab jyati (o ill diall Cilyaéll Jadig
L€ & Lig)yiSIN alg all zas @le 8)adllg dginiall Zlawdl @le sgilill guliiall Ciljyal
JSLmll @6 L3 @l Lag Oudlyallg CilatitagSIlSilg sadoeall apuwlS3l Jia dyaglaill
dypall dcldallg paallg crrw)ill JLas @6 dpalle Giljady p1idall g iaiy Sadoall
Algall Jaaetig
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37
° .'& ° .. . . . .
'.§ 2. =l ol 99 saglgiss gilid) (gaigoi gudag ja o Wlaniwl dyaluysiwl dwls



NY
°

Substrate

Starting Dispense
Substrate Resist i
e

deolay gilill agle jSpal gilill grin’ Joleas dilocall Ciljmaill am3 jgun : (11-1) J<i
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dclinll 4 jSpall dapesll J&ig dtegill atagi dltlac JUA (0 jSyall ZLing
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Ogleill ais .Ogleill 1am Jis amyal Penn State MRSEC clacl ¢po agaell .CilSydll cilagl
g Texas Instruments g Intel g UTRC g Xaarg eXog Dow :Jfa & 1Supa3l CilSy sl 53eS &
Druker g Millipore g Pfizer g Johnson and Johnson g Ascent Bio—Nano Technologies
(g .Genefluidicsqg :<KMLabsg IBM g Malvent Instruments g Zimmer—-BioMETqg Diagnostics
Gaaliall 48 9o elyiiie ity clhall acs @iy GSpally declinll ggpall zolipy Jula
dfiym cLacl 9o a3 c ol 2 bg .clyiidiall alaimXl Cil3 gulitall @ié d1jSpallg declinll
Alclkial @é cAlislaal Igcag Liug)a Iger 8g diclin Jac yig pataiis guyys il
slalell §o Iaac eyl j Spall caaiugg .dalell & ame declin lS)Lite ga Ciljatigag
094 @6 Gl GuSlitall e JSpall el LS .dagSallg dclinll Cilyyiia (o Gyl
8)la] cLiSeg guhalicall GLiply pgnill aiiley @é ¢ljliir ggiw &iaa gimg algall
39 @l @Sy 80 ga piST (o slalall crlay @illg Luilaliy dydg @b Laglgisil
§-mg Cross Over (qé ggama G45)lita Layl jSpally guyaill digm clacl OLS Lyileluiy
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Bleall agleg dygilill slgall gu1 dmalgll
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2003 yraugs @ (NCNST) Ggnlly gilill LiaglgiSig aglel @itgll jSyall guuwli
duySe & wwgas pyleill 8)ljgg (CAS) pg-lell dyipall drayslsdl awpwli @i cus)Liig
Lml @ ill €L & nli (Liaglgisillg gilill ag-Le JLas @é @dithaillg guulwdl iayll
zuay O @l damyg 8)laYl gulas colpii] Ciai jSpall Jreidii aiy .deme dlaing Cilé g
G2 } Spaq dole dtaglgisi dnis @l d8ladl (gulle gime @l dilayill (jSpe
Ogleillg @lgall @uatals3l Jaliill ame puas Jaellg (Jlaall 13m @b dLitll cumigall

dtaglgaull Gl il @ ipll Al g dpwgdy CGilpiag &M Gl jSpall @iy
J1idallg (gilill d4idh guli8g agagil @uuripll jridallg gilill doMuug dygilill slgall
gilill d4i87% yugh’i euud cllim U3 ctily @l .guymll gLinillg dygilill claill @iyl
[1ide 19 guypwili @6 j Spall ¢ljlis asig alaill Ciluwlyall j1idag gilill dalles jiidag
wolell drivall drayals¥lg (ouSy deslag (Tsinghua daala g Liiglei

JSrall @6 )l oLl 0gSiT Cua Spall P igaghaiill JSumll (12-1) Jdi Gatig
atloill quudg dpingl ajlgall 8)lalg (LiaglgiSillg wglall 8)lalg cdalell 3)la3l criSa (o
Joadl Cila 24 Blalg dyladlg Egllall 3)ladlg (Liaglgisillg aglell jijtg Jghi 8)lalg
«gilill & i oLty (SAC / TC279) gyl @i guy 181l B)laX d gikagll & gioll dialil
e 18il @ipall @ilgll slaicXl daril deylill gilill LiaglgiSiy dyieall dnlill dialllg
dtihgll dgmiagill dialll dilolg gilill Laglgifig eglel dtipall dreanllg ddlhall
pg-Le Jga piilill dylle & 1ayals3 dLaall jSpoll dayli gilill Laglgitig gilill aglal
yiiii &cqganal dtilhgll dieaallg jSpall InduAaTug (Nanoscale (gilill LiaglgiSiig gilill
slgall sLyjé @6 oljgiSall a1 Lag slbil pileli ol @le NCNST (5giaug -sliassl
ciaLidid 2014 ple @16 LiaglgiSillg gilill aleg slgall agleg dyilyjuall sliaySllg Gaisall
Ol criandg qilill g le @ 8jslull Cilamluallg dolmll Ciljlaidly drlgall @&l dial
@AYl @le Jas¥I" & rija @l @)l a5 (NONST) LiaglgiSillg aglell @gilagll jSyall
L8dg amles 5 Jasl " aaf gls NONST @i Nature iliga pmlal 2018 ole @6 ."Gunall @i
@16 NCNST (a6 (rialy dumad grani @i 2018 ale @é Clarivate Analyticscililyy ¢iand
216 acgans Lo sl B)1a3 y el Cilgiwll @é pllell Jga * Ialmdiiwl yis3l grialyl”
l1aglgifilly aglell ikgll 3Spall Tay 2013 j1adgi @dg -8ty lmy slmiiiudl @ &8y
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=l Jgall 59 saglgidt gilid) (s igod Gulag jA o Wianiuwl dyaluiyiuwl dwlya

39



\\:4
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@6 . aaylaill delinll g i8Il Ggiwall [y 1Al gayi w @ illg cdugilill ahaill JalSig
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A 133 zigai eliti] gyl (CAS-CENano) "gilill ale @6 jraill jSpa" CAS culiiif 2015
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Governing Board

Academy Committee NCNST Degree Appraisal Committee

[ l

Management System Laboratories Affiliated Organizations
: CAS Key Laboratory for Biological Secretariat of National Steering
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.dty)iagilill algall drwihliallg | Nanomaterials.

.dugilill algall cliasS | The Chemistry of Nanostructures. 11

.gdilill zlhuug clyjrs | Surface and Nanophysics. 12

.dwasll klsill | Quantum dots, 13

ol il 8jmalcl_yjuaqg L _saglgisi | Semiconductor Devices Physics and 14

.Clingall | Technology.

aLiagll & Slhallg gilill L1aglgisti | Renewable and Alternate Energy 15

.8aaaiallg | Nanotechnologies.

.dugilill dillaell dadai | Nano—process modeling and simulation., 16
Al sl L 42glgiSi 17

Thin films Nanotechnologies.
dyiagilillg 4848yl

Management and Economics of 18
gilill disT ilyalnislg Byl
Nanotechnology.

.dtlaea ciluyat | Laboratory Rotations. 19

: gilill duwaim .2.1.2

alga Jagai @le 8)adll ayal Gill @aglgiSill cuilall gilill dwaim Jlaa Jiog

g)_'l'.ii.ajl dilyy Sall .2 clgll JLaall 3™ @.g dgall Imy Juoliti didgu Cilaiig .,5\]! gilLill

gilill 8jmalg dalail @lc jS)y @idlillg gilill egle Jlae @6 auwyai @iy lmAoy Imuy)ai
Amyeg agpdiillg cligllg dslallg elyigigagilillg clyigyi<ilgilill Cidlas @

47
=l Jgall 59 saglgidt gilid) (s igod Gulag jA o Wianiuwl dyaluiyiuwl dwlya



W

gilill dwaim gan ATl dayidall duulyall Gljéall cang :(2-2) Jgaa

duyell dellly Glgiell English Title )
4 isil 4 L loll 1
b B @ The Fundamental Science of Nanotechnology.
.gdilLill
Ag—aoll gtin’i /g tani 2
Assembly and Fabrication of Nanomaterials
.dagilill
.dugilill algall cawng’i | Characterization of nanomaterials 3
9 * Introduction to Nano-Science and Engineering.
.gilill
Ol _yigisl] b &are _ . 5
" Introduction to Nanoelectronis.
.dugilill dlawall
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.dugdlill algall cawng’i | Characterisation of Nanomaterials. 11
(Jl_ailg ‘&I_._n_.ml.iil Ethics, safety and regulation. 12
dalaiall (uilgéllg
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oLallg & yyill dig Li JSLiis gle cu1oill @6 acluy & ygilill 8aa w3l @laiiw].8
Cily @il oy i o illg & gaglaill saa wll gilnal & LigySil clileyidl Jyliig
Balall drALiall
Almadl J 8l ga§y daiMall pé iyl cogyall o digilill 3rawdl @laaiwl.9
abilill al gayeii gill
@le cilyal il 898 8alyjg Lavilyil grwail digilill 8aawdl 16 jgiyll @éi $354.10
.aaliiall agylall Jani
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Cileniall pgh'i 6 Inaladiu dyyiagili alga pighil dayidall gyliall aliol
sdgchl

elg Cilyill Lmaling @il ate will pnlic ZIliiY dyalnisl Ciliaglgisi pghi o
O 2gaell @6 Inaladi wl zy iy Laa i ygilill 5jgnll @6 spemnll gl g)iSll
galigylg Cila wgallg Gaagpiyill Jio dyiliwyl gf &gliall tlguw Jynlaall
Imyieqg pgrulisllg clijllg ayaalilg

Jac 8alujg adlall J 1183l paillg amSlall jlail dygili cayletig direli slga ZLiil o
.diSaq 8)id Jghd Inilonlgay LlaiaNlg jlaill

b 61 910 Imalaai wilg drelill Cilalaall (o dygilill LSl ciligia zLiil gkt o
Cilgpaillg amslall

Jo-all Jio Jralaall gasy iy 98 aslaiilg ggilill clijll apwsi zLii] pghai
@il aguull

Lygall g Ciligiay dagilill (HA) Cuill uuSgiamll Cilaga sl Gy pyghi o
G4 rinyg Olgaallg gluil dauwil @6 39290 ga20 9m il GuuSg
cuypill @ wSgyamil Cilag s g o JSIslall @6 Gramill dglac $3§5 .digll
O layl 830 12 0Am copauill dcpu 995 Eua e lary aagpisill pyat @l Lygyllg
Ogagpigill jlel lmaud i Lygl pyya

gLl y1g il dojill palielly Junalaallg Alilill dyieil digili dMales jigh'i o
Llamyréqg zadllg chyanll 8)All Jio drayilyiwdl Jualaall @lc @l

igilidl cubn pidg  4.2.2
£9-ilig gilill d1i8il & phall Alégdaill ¢l Li : (Nanomedicine)gil ill cua Jiag
8j—malg (dugilill slg—all &yl AL &1 hill & cgans o $gilill cidall 3l aa
dygilill alsill & aliall dilisT wall ALEhill @l (i ygilill & tigyiSIdl jlohiwXl
amé slc lmaml $ohii Spis ¢gilill cuall aalgi @ill dulall Gl Ol 2 .axiyjall
009 .e-aall dyyiagilill slgall G iyl ) isllg $oiLill pgawll @ loy dlniall LiLasll
:oily LaSq dlga JSI 61 Ciliglg3l curiyi Sey pidall 1iml dayidall driagl Cilegyifiall

elgall Jungi o
Gleglga Il Jrngid taeld agilill & tdall GMAN all} Sy d 1a
Bioavailability & sgeall daliXl Gruwa’i cdamy gulidll dygili ClLngA_JIgi Alapwall gl
a6 Imaalgi cagliaall LSl @6 clgall iligja aalgi @l zlhnall 1am puiiig clgall
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8aLyj e clgall Jungi dylac jSyig . Jadl Inie 5ailall 9gSi duya @il euall Jila
O-Sa4g .ditea & tiej Bao Jlas @ileg auall Jals dnlall GSLedls clgu gguall yolgill
©laAT wily molecular targeting (g iyjall Slami wdl JA A (o dedgis §)gny LA (GLdal

Ligili dwaimall jma3

:dtillapaull ,ol)gil Hgnli e

8 8)0uS 82 l6 Jiad ab yadlni dugilill Alapwall penll aasll ziag Gaa 6
e2AT i Laaied pg nill JLaa @ié dnli Bjgnyg .oncology @aglgSilll gl alygdl alc
dileyil Lmniag cdunla gailnA Gli dgili Cillagrawa Quantum Dots dragasil kil
OLifl g jig mill Geal ng size-tunable light emission q_aall bl aidl cgall
el 15 Of &g .aljgdl g_slgal dyilifi wlign @le Jgnall g Say MRl wyhlicall
£9-8 Ja0 @l g Zlind dg dygarell glundl o Ly yisT 99 dygilill Cilaguall
giiili dtegasSll Gir wyygloll kldi pladiwl (Ji $riey 1img .zmgillg BJL"i%LI hdg aalg
by wgS 13 m Liagy (6 dordiwall dygsaell glindl gc Jol dal<iyg Liglyi yisi g
o3l ells @é @bl cailall Of 2] contrast media dllaall 8alall ayle Gliay Lo gf guluill
dalw ymlic 9o ginile e dragasil hilsill élli i @ Jiaiy clli 0o piyll @le
LoLali

:..“:"jA.JI a—_!g.il.i." ..".....II ..“.I " (:ll“n.l .." °

alel dli8iwall dieyoll dwlall Gi¥lag gaa] drisjall digilill &ilsill ple Jioy
@uill 3l el g mg cdgigjall Glessall dwaim dyilSals aimy $illg dygilill dilsill
dygilill & lsill @ Le Oi X1 )3l gl @ iypall gulgiall @le dalall cugiyig eghaii Age’
28 @il Slelyiadl dynle @Bgi @] Guaunt Cua cdglle Eayay gyl adly puiy dyigjal
Jglyaimall Cidgluill Jac 8aial pyidy ail @] dolaly digilill &ilsill Jlas @i @28
Cileaaall Liniag dtisjall dagilill dlsill o lel dayisall paliell O @l &SLaNL 1im
caglall cilyasllg CililSedl e Tan 8agey gilill ciligigyg drijll

:gilill Ciligig) e

ehall JLaall g6 gil il dlligigy laAT wl & 1ilSe] Jga dlaiaall dledqill Ol
elti Jto oo gilill cula 38t mp &uga Indiysad 0 Jla @b calall plle G0 ppéiu
«(Computational Genesdy wgaall Cilitall ¢Jliall Jirw le Imiag) dugilill Ciligugyll
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cuall Il gajeis @ill Ggaallg jlpadl @Liisl g ZMn] damy awally Ineag JUA Go
OLS «@iijall giinill 3 meay Julellg Robert Freitas guisy & iy 1g) oa)gf Lal Léslng
O3 ¢lls itagySia 3-0.5 gy Lo @l asaa Juag pall Jaaisll @aigaill sgilill Ciggyll
al zlowll & ygaall Gilpre il y an Cilillnia & atii pLis pan Guadl aey aaall 1am
dgilill cilligagull ELLi cliy @d padimallg guulwdl paioll §g1Sl zuay Abg .jgpally
Og-1Sl JIS il gaos | A3 gailnall go 2 gaellg dialSH & glAll aigh &yl
Imoyin’ @iy cLLi gil ill ciligsgy Of @l d8Ladl 1am (guyalgallg gulaldl CiliSa)

Ayl ellsl dnniallg dagilill wiSall zlaw gilaay

:ggilill @USH galyal ple o

dgilill ailsillg gilill cia ggpé aal gm Nanonephrologyggilill glslI uél}.of ole
:(0 MS daliis sillg

-$)AMl sgiwall @le @ISl Grligy Aliiy duwlya (1

LI LA JAl dgglall cilglaell dwlyal sgilill pugnill cullulg Jalas (2

dalles @l oLl dygilill Ailapwall @aiiui @illg dygilill duhll cilaMell (3
LSl JAlyal calisg

@illg )illg @igjall sgiwall @le simallg slgall pladimlg grin’ dilac Of LS
LSl galy ol @ Le Cl a0 00 3o LSl galy o ZMcg gasd il @aAT
oA m J-a Ogiley g1l guapall Zilc (916 Sles fjga relium gillg Nanonephrology sgiLill
alell [3m Jlas @d dardiall Aljlaidl of el doLadl 1im  Judimall @é galpell
Joa dugili Cilagles yogi @illg LmyS3 Gylull Ci¥laall Elli @6 GloLiisyl @le @i
ClLall o] d8ladl dgeyhll @ ISI Gilglac @6 daaaallg daglall & giggall &yl
daliAall dyal

dAliyjallg Alirigyll dyiliersllg dgilijall ailnill alegiwlg emé’ JUA (ag
CMAL 0 arani O Say «@lSILy doliiall LMAI o agaelly )il Ggimall @l pall
gl @USI galgal Zile @é Qusliiil 8agan dgaile

Zowing .a 8187y sl a3l G0 3ol alag lbam dygilill diclinll @IS aetg
Lmisaps g Say @uill dugilill Ciligugyll gri iy dardiall dygilill dpwaimll Ciljlaidl
Gyl @USI JAla dyilizg dealle cilelyal jlailg 348 @] wami @illg Ings aSaillg
LaMA g o & Gilgiallg dagilill JShmll agani O LaS .dyisjallg dsglall Cilygimall @le
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Aoy d ial dallw 8jgny in Vivo daguall cilglaell clya] @ile 8)adll Inl §g5y @illg @Sl
@le Cilaadl agagi @le 8jadll Of dlaails cuay Limg .adiéai oy Llidiug dam Lagi
U0 Ogiley Gudll @uajall 8l Grwa’i gle 3)adllg sclasll Ll (sglAll (sgilill sgiwall
LSl galpal

:dgillbpwll VAL @l clgall aragi e

O—c ¢cllig cd8ay gilill Alid’i pladiwly dyillapudl LAAIN @l clgall aragi G8aiy
J-Slgill (16 @il paySll ZAall dcpy g iag iy Of Lonlgl gy 2 clgs 3 Gyh
LAAIN @l amypagil jlaell J&i8aagS padim’ dygili alga @img (Nanocarriers) &dgilill
Alall'y ooy La Jilgill elli glaw @le 33y Of Lamyilig dmypié 9ga dtillapwll
@ng dtlaell gd &Ll ) niell @le by oii ol Lmiaylhgg (Ligands) "&yilie Sl
093 dtillay wll LiMAIl &l i (gle 83 118 d oSy A agi ol (Receptors) "CiMus T all"
JAla aagall clgall & cpn ¢ly 6l @iy des Clydimallg Cillaggyll Ala'] dicg cdaslull
daludl LAAT @l elgall Jing Of Oga cdumlite dday dgillapull LAl

:NanoFab Lab. gilill algs gtin’i j1ilg .5.2.2

algagilillg yolygilillg Luiliyill Jie drugiyll gilill slga @rinil pide jumal O
dgandl 9o il Layiég dygilill 9g—nSil ciglilg geslyllg dygilill 1Sl wllg
zLind dua (dalidall gilill Joles ilagd patma Jugad Olacl dyalnisdlg draglgisill
1S g clim zral &y dolisall dralell slwsdly gyisldl 0o agaell slgall oim
Glilmadl Jia dslidall drclinll Gléghill @é slgoll 0dm @ladiwd Orialdl sal
Cilylwllg & Sliallg & 1igyiSIdl cilclinllg drcljjll cilundallg clitllg apyiillg glinlg
Ladiligll Gilelinllg dillg

:aa il Syellg 8pusil juaaill simalg lgall garadiil dijSpall Joloall 3.2

:gilill alga (algd Julid Jaga .1.3.2
EAAT i @il dg iyl ) madll Jadng dicys Jaleas 8ac (6 Janall Iam 9g<iy
dyiligllg & 4115)illg E1aglgd)gall yalgAll s yaniig dugilill slgall gagiiivig cipngil
g J-S CilyilSed By Jaditi O (Sayg drigrisi¥lg drymsilg dyigallg d1SyilSiallg
g4 gulys jlmag 3 8Ll G igyiSdl igSug)Siallg zulall uigyiSI¥l cigSuigyyall
a4 Sl gall galg All gul gig dyall gill gi uigyiSIdl cigSiug)Syallg dyipull dodill
Jgaa) Bjmafll oim dlial (ag (HALL) il gulisg (ZETA) amag glyall Julaill jmaig

: (4-2
-]
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Imaillagg gilill yalga Julis Jaoa b dayidall 5imalll chng :(4-2) Jgaa

Equipment Name

Jimall datlag

High Resolution Transmission Electron
Microscope (HRTEM).

d8all g3 3 dlill g ig)iSIN cigSugySyall
J-8l dday gilill algall pan gulisl dullell
.0.2 nm (1

X-Ray Diffraction.

Giluung dyyiagilill slgall @uilidl cuS)ill
dlygldl pan

Contact Angle/Pendant drop.

walgA d djeal JLnidll dglj gulas jlma
Algall plga d9ye4q algall Gahull yigill
slall dm)lSllg deaqll

Density: Helium Pyconometry.

LASLESI ulsd jlma

Field Emission Scanning Electron
Microscope.

A2 g zwlall (gig)yiSIAl cigS gySiall
Cils clgaw alg-all d1aglgdygall (algall
gl of Ggaua of G48) sLiré Jsis e

Energy Dispersive Spectroscopy (EDS).

do @3l aladi_wl psliell J b jlna
GigS—gypSeally (G ale g mg drir—wll
ulall gigyisid

X-Ray Photospectroscopy (XPS).

d_byeal dyiy il dyig sall de bl jLna
ddlla JALA o 8alall @il icll cuySyill
gyl

Focused Ion Beam (FIB).

eaAiuy jlmy gmg jSpall gleddl ggyl jlma
dtigyisi¥l Cileli wnll JLas @8 jigaill
-dgaglgpll Cilspiaillg slgall agleg

Fourier Transform Infrared (FTIR).

IQ o oo "9 9' " oo e e .‘.iu ng_é ijA.
Alisyall gi hailgydlg ciSyill 4 d)2al
i d-9jeag d-igiall algallg dig-aell

slall

Raman Spectroscopy.

@il oSl iy Syill G dyeal glal) jLoa
Elelaillg yg Liill (JLS @3 aa_otg jghall

Thermal Analysis (TGA, DSC, TMA,

Wgphd Cali dy)lpall galg All gulys jlma
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DTA). .dalidg
Particle size analyzer. Juliell gaa JulA'ijlma
Zeta Potential. Ligj ama gulid jlma
Surface Area analysis. Jdiahanll dalwall Jula’i jlma
Mechanical properties. LAuSLilSall galgAll gulis Bj.nn_i
Nanoindentation. .dygilill algall 3aMin gulisl jlma
Optical Microscopy. -gdgall agSugySiall jlma
Optical Profilometry. .as 16yl cl.l.l.LLl:i' ¢law gulid jlma
Atomic Force Microscope (AFM). .dyill 8géll cigSiugySig
UV-Vis Spectrometer equipped ddhiall @é @igall cathll gul s jlna
with integratingsphere. dipall - drawail Gob dodil

By Sl praaill simal Jales .2.3.2

8jmadl aacg aanl ldyh isi gf aalg Jaos @i 8 Sl 8imall grani iy of Jraray
@G-821 Gia dalaiwe Jroiiig diln goly giag dlgm g Inilaladiwl saeil ¢lldg
110g-ig Imaladt wl o & tlhallg Guiall ga sac pSi 8aloiwl @6 Imis 8gajall 3ajlall
ailjlell y1agig duglayllg Juleall jlpa clays @b @SAT slgu Imlyé il druliall digl
g9-i9 ol At ul g (ayell ligha Jolaall elli epudd §Sayg g Jyaiiill digliasll
:olule ¢lls dlial gag Imygini @il jmall
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1818yl a3l Jaoa .1.2.3.2
cila d 88yl &y diedl ppaa simal 0s degans @le Jasall 1am gging Ol 0Sayg
8jmaXl o3 ml & Lial iy @ILill Jgaallg & tigyiSI¥l Cilelinll @6 @laii wll
laiaall milégyhaig
il g &85 Exdiedl Jama 96 dayidall Gjmaill cang (5-2) Jgaa

R

jlmall @]

aaulsl g0 d848) Epiied @ilaall jaail
cenll paliell ¢liSq ZnO, ITO Jis Galeall
Or—iMll J—is & alell Gl y LmpAyi

095 thullg pgtisitigallg

Magnetron, DC & RF
Sputtering.

il i ISl of paic @iljaall Al
dhaollg J—Stillg gulaillg i 1l J—io
Glagyill @b dlnga CILEAS Imalaat w

gigyisIyl

Thermal Vacuum Evaporation,

Electron Beam.

Glisyallg algall go agaell @il sl Al
. cala -\|9—A(J—A . ",,“j 5\ i s . ..g
Oadlyall Jia ddlc

Chemical Vapor Deposition
and Plasma Enhanced

Chemical Vapor Deposition.

Jilull ga gl) dalinll ga slga dlljl dilac @
doily asge i Gyl Gc gl Ga (Lilgal
OsA i @iy (adAle Jjyl @8 dlla @b sl
@9 @ulwii gi } A1iig jjulll dslia e Balall
J9al @iy La 8alc (@llell jjlll Géa dlla
At @iy @llillig Lejaldl @l slgall 0im
Aan @b E0liAg Alga o diiyd) dy el

.gdLill

Laser Ablation Deposition.

& i L Aail B . Il a_.IJLl: . . s 9
.. ....Jb4 AI II ‘:"JS . o [ ....J a_.!gju

Atomic Layer Deposition.
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: 9ahllg glpe3l Jase 2.2.3.2

O direa clgal cinig 8jlyall daya dylle Olo3l ga 22 @l Jaoall 13m gging
Imypani alpall lgallg Guhill s gaaill cind g ggajillg Gragyivill Jia ciljlall
oim Of dyga dmpysaad aly oll & ygilill slgall & 1aS @lc @lAlall Gyall aan cadgiig
giLill alg-o o dlgins CilpaS! @lass gain drlael a4a dlag 095 O Gy Ohsdl
A lgagilillg dygilill 9gnSil cugililg Gadlyallg elalyugilillg LS glullg Liliyill Jio
Gl taSy dygili slgal Imligaig dagySeall slgall prusil iay dolm Imvclgily galaall Lagi
Oalhallg Olyo31 glg-il amly d2il8 @l Lardg .dinkall douwg 838 @lc raiel 8)u1S
:Jamall 13m 1 2algii Ol gSay @ill

Imilé ylaig galallg Oo3l Jass @i dajidall simaill cang : (6-2) Jgaa

ainall el gl 0yall ggi

.dagia da)a 2000 - 1800 @l Bylyall Cilays Jeai

dialhall
300 @ia dapell 3jlya dajya o dugilill algallg dilitell caraq’i | Drying Furnace. d
-dygioe daya

&l ay ddpell Bjlya da)a i O 0Sas Lyla Jgjoa 036 gmg | Muffle Furnace. 2
dalida Gljle Ga clgal cni Jaes Of 0Se1g dugio daya 1200

glhall Guhill @lc asaa daiog
Bjlall cilays @d @Salll alyg dylle Jic 8)a8 cils Olysl @mg | Temperature 3
QASai Il ¢llaSq Temperature Controller (Guha O lagumg Iagan Controlled,
Of 0-Sayg ImLalay jlpall cilaga &) oy @il dljlell g9 98 | Atmosphere

Controlled Furnace.

d-2)3 300 @l Bjljall Ailays Jmig g 1ybill Ciad Joeli @img

Vacuum Furnace.

deiluill digysil gallaall o yual dSqSll GlySl Gallag aei
algall & ige gabl Alyyidall 6 @bl JS by 0247 wig
d11SgSil dygpSil dinhall 9gSii aa Spem plaal @l Sgng
La @lc j-Spo pac JSity dripa J83I @le 8anlg gab Bja (0

Planetary Ball Mills.

Zi0g galal @aA1 i galhall g0 g9 @ dygySll dialaall
WOaleall guy 11§ Alglac @6 Imaladi wX slgall kalal filgalg
GULBTIX 3 ilillg celyalyy wllg (G ylill ailelllg «ililma lig
el Julai oy :csljitudllg pilill lare le Jaoy ail Jjelily

A2l dad (o quydlly Al ' duya pdilill Gayh o

Ball Mills.
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:dagaill dayell 3.2.3.2

Micro/Nano Electromechanical Devices, Optoelectronic Jia gil ill Cillatyi pr i &9
$Hiagilillg yiagySalall guimill & ajall Cil tisillg 8j ma3l j1agi @l camig Devices
ddyell L8i da)al diy8a dilanlge giag @Gle EllA aalieyg didi grinl diy o8 eadiall
crliniy g illg drwlisll Glo nigall elli @Il Jgaall ziagyg drwlisll Cilanlgall 1
Aalgi claili Al dslAill Glaya @J.ci g-m Class 1 Mi a4 dohill ddyell JAla lmaalgi
zlai @mg Jgaalls ziga go LaS dadaill ddpell Jalas dylell Al o Iaa dLUS d1aS
Class 1000 s Lairs Microprocessors and Integrated Circuits aLin’i ,J_m dites dlé il
94 O Sy Class 10000 Of LaS MEMS and NEMS dilelin @b paiiwi of o-Say
@il dyguall Jaleall of & &8yl dy dredl ppanil [l oyl Lipdl @il 01l 8jma3l
@le e JS iy aniofi dagaill ddyell &SIl dalSill dydall Gl hill @8 @aAiui
¥ie 300 - 200 (po dalutas daulai d6)ed cllAl (ddpell gang diglhaall duwblisll Cilenlgall
dtigyiSI¥l ALs il gael duwlia 995 Sgw Imia cja @é Mio Class 1000 cila 130
6)A3l dLigyisidlg dageall Gléhill gaed Class 1000 99y Ol 0Sad JAZ cjall Laigs
Liliw] dalay daglaill pell aal (1-2) Yt Gatag Bgliill Ga dylle da)s Gullalli X (il

alBT il

10 350 75 30 10 IS04
100 100 ISO5
1000 1000 7 IS06

10.000 10,000 70 IS07

100,000 100,000 700 ISO8
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- Class 100004l8iuall digliiyy dealay dayaill a6yl Joleo aadygun :(1-2) JSai

dgiliudl GSlaall

CLEAN ROOM CONDITIONS

T=21°C

AP:zOmbarf' ;4’/,,6""” Q)
R.H.< 45% ;/ :
/ L3

 —

LS
” T221°
T=21°C AP=30mbar
AP=20mbar R.H.€ 35% =
R.H.€ 45% . =

T=21°C
AP=20mbar |
R.H.£45%

g ";l'lm}’\) , [ sas
= [ ] service areas
4 |:| Washing area

D Control area

T=21°C

Clean Room laboratory Class 10,000 (ISO 7)

AP=20mbar/ |
R.H.< 45%

Service Gases: N, , 0, , Ar, Ar/H,, Compressed Air
Vaccum lines

DI Water: 15MQ.cm & 18MQ.cm

Ceanroom is dassified asISO 7
which corresponds to a Class
10,000 Cleanroom according to
FED STD 209E
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1 oviliarSgmSilg viliarSil pranill Jaos .4.2.3.2

alpall Gihill Loy (amoall-j Spall) 6 3 Siy O 0Say Jaleall 9o ggill ling
@Il garSll y1nill 53 mal g raa @le Jaoall 1in gg-ing Ol 0-Satg atle Jgnall
(ot LasSg (g\iliasSgymsllg

@ilear Sl puanill Jaos @ié dayidall Ciljmaillg 3imalll cang : (7-2) Jgaa

@iliaiSgymsllg
aio gasll Jamaill gf jlmall qw
clymSIl C\lungiy 8imas cljle cullga | Chemical Hoods equipped with 1
. . . Schlenklines for nanocrystal
83——aqg ciljl allg <! allg synthesis.
Glass Wareg Hotplatemagnetic Stirrers_y
Algallg dugilill drasSil Lisill jrAail
.ole JSuiiy dagilill
alga yuaail diteqs Cilénlgas wadiwy | Glovebox for Chemical Manipulation. 2
ag—agl ZLia’ o illg Ltilieys gilill
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Li—ion materials.Pervoskite,
.ady syl duire3l puaail eaiiwyg | Glovebox for thin film deposition. 3
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LiiliasS Joleall | Erlenmeyer flasks, AKA conical flasks,
Florence flasks, AKA boiling flasks, Test
tubes, tongs, and racks
Watch glasses, Crucible

=l Jgall 59 saglgidt gilid) (s igod Gulag jA o Wianiuwl dyaluiyiuwl dwlya

64



g

Xr

W

dulacall Cilmaill Giaal el disaa clarS Joleal jgn :(2-2) JSiis

=l Jgall (99 saglgias gild) s igoi Gulag jAro laniwl daldsawl dwla

65



W

sédgguall CILLSI paNT Jaos .5.2.3.2

doliAall & yguall Glihill (amesll-jSpall) 6 padiuy Jaleall o ggill 1img
: ol oS 8jmadll yaey @le Jaeall 1am @ging ol 0Saug éygilill

dagrall GliSISHl ypant Jaoo @é dayidall Gljmaillg $imalll cang : (8-2) Jgaa

ais gayell

gl jlmall al
Jamadll

The purpose of the incubator is to provide the appropriate
environment for cell growth. The incubator should be large
enough for your laboratory needs, have forced-air circulation, and
should have temperature control to within £0.2°C. Stainless steel
incubators allow easy cleaning and provide corrosion protection,
especially if humid air is required for incubation. Although the
requirement for aseptic conditions in a cell culture incubator is not
as stringent as that in a cell culture hood, frequent cleaning of the
incubator is essential to avoid contamination of cell cultures.

Incubators

A cell culture laboratory should have storage areas for liquids
such as media and reagents, for chemicals such as drugs and
antibiotics, for consumables such as disposable pipettes, culture
vessels, and gloves, for glassware such as media bottles and glass
pipettes, for specialized equipment, and for tissues and cells.
Glassware, plastics, and specilized equipment can be stored at
ambient temperature on shelves and in drawers; however, it is
important to store all media, reagents, and chemicals according to
the instructions on the label.

Storage

For small cell culture laboratories, a domestic refrigerator
(preferably one without an autodefrost freezer) is an adequate and
inexpensive piece of equipment for storing reagents and media at
2-8°C. For larger laboratories, a cold room restricted to cell
culture is more appropriate. Make sure that the refrigerator or the
cold room is cleaned regularly to avoid contamination.

Refregerators

Most cell culture reagents can be stored at —5°C to —20°C;
therefore an ultradeep freezer (i.e., a —80°C freezer) is optional for
storing most reagents. A domestic freezer is a cheaper alternative
to a laboratory freezer. While most reagents can withstand
temperature oscillations in an autodefrost (i.e., self-thawing)
freezer, some reagents such as antibiotics and enzymes should be
stored in a freezer that does not autodefrost.

Freezers
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Cell lines in continuous culture are likely to suffer from genetic Cryogenic 5
instability as their passage number increases; therefore, it is essential Storage
to prepare working stocks of the cells and preserve them in cryogenic
storage (for more information, see Freezing Cells). Do not store cells
in —20°C or —80°C freezers, because their viability quickly decreases
when they are stored at these temperatures.

There are two main types of liquid-nitrogen storagesystems,
vaporphase and liquid phase, which come aswide-necked or narrow-
necked storage containers. Vapor phase systems minimize the risk of
explosion with cryostorage tubes, and are required for storing
biohazardousmaterials, while the liquid phase systems usually have
longer static holding times, and are therefore more economical.
Narrow-necked containers have a slower nitrogen evaporation rate
and are more economical, but wide-necked containers allow easier
access and have a larger storage capacity.

A cell counter is essential for quantitative growth kinetics, and a great | Cell Counter 6
advantage when more than two or three cell lines are cultured in the
laboratory.

Laminar Flow | 7

A laminar flow cabinet or tissue culture hood is a carefully enclosed
bench designed to prevent contamination of semiconductor wafers,
biological samples, or any particle sensitive materials. Air is drawn
through a HEPA filter and blown in a very smooth, laminar
flow towards the user. Due to the direction of air flow, the sample is
protected from the user but the user is not protected from the sample.
The cabinet is usually made of stainless steel with no gaps or joints
where spores might collec

Hood

Such hoods exist in both horizontal and vertical configurations, and
there are many different types of cabinets with a variety of airflow
patterns and acceptable uses.

Laminar flow cabinets may have a UV-C germicidal lamp to sterilize
the interior and contents before usage to prevent contamination of the
experiment. Germicidal lamps are usually kept on for fifteen minutes
to sterilize the interior before the cabinet is used. The light must be
switched off when the cabinet is being used, to limit exposure to skin
and eyes as stray ultraviolet light emissions can cause cancer
and cataracts
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- Rotary Evaporator
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—Gas Cylinder (N2, Ar, 02, H2).
— Dryer Furnace.

— Muffle Furnace.

— Spinner coater.

—Teflon St. Steel Reactor.
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