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B INTRODUCTION

Carbon nanotuhes (CNTs) play an impartant role i the
-d.ﬂdq:mtdmtﬂukdmtn their nmique electrical,
m-bduml,.md.-npl:ﬂlpmputﬁ. "l'h-q'a:t mlrhu}
nsed in vanons and diverse ap such as catalysts.”

sensors, ™ fned cells " lnbricant additives, ™" st Bacamse of
their enormoms application potential, the prodoction of large
quantities of quabity CWTs at low msts & highly desrable
which must be achieved by contralling difterent parameters for
a given synthesis method Low mst methods such & chemical
vapar deposition and spray pyralysis affer excellent pradodion
yvidd with @niralled features of the CNTs p:rui.mvbd.' The
combination of carhon source, the type of caflyst and the
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readtion parameters such as emperaure, How, and reaction
time are critical for the prodoction of well crystallized CMTs. In
this direction, many reports consdering the effed of different
paramseters an the syntheis of @rbon nanombes using different
reacting systems can be fommd in the bteratmre

Several carbon speces such as methane, acetylens, bermens
rylene, and toloene have been nsed a5 a eedsinck o synthesmze
(CWNTs These precusors are abiined from fossi foel and are

projected to diminish in the foture maldng it necessary to keok
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Occurrence of photoluminescence and onion like structures
decorating graphene oxide with europium using sodium dodecyl
sulfate surfactant
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Abstract

Graphene oxide decoration with europium was carried owt using 505 | sodium dodecy] sulfate}

a5 the surfactani. The reaction was performed in 2 microwave oven and subsequently underwent
thermal treatment under hydrogen fow. The results found in the present work demonstrate that
throwgh the use of 505 surfactant aggregates of hemi-cylindrical and onion-like structwres could

be obtained; which propitiate an enhanced symergistic photol uminescence located at the red
wavelength. On the other hand, after thermal treatment the aggregates disappear providing a good
dispersion of europium, however a decrease in the photoluminescence signal is observed. The
graphene oxide decorated with europium was characterized by scanning electron microscopy (SEM),
energy dispersive spectroscopy ( ET¥S), Fourier infrared transform spectroscopy (FTTR), RAMAN
spectroscopy., 1-ray photoelectron spectroscopy (XP5) and transmission electron micrascopy { TEM)
techniques, showing the characteristic features of graphene oxide and europiwm.

1. Introduction

Constituted in ahexagonal bittice one atom thick, graphens 1s the most prom sing 2llotrope of carbon. Graphene
tsanaxcadlent cond wuctor of heat and alectricity. it possesses 2 high mechanical strength (0005 TPa), great Aexibibty
and transparency | 1-4 ). 453 conssquence, graphans is being studied by many research growps for the preparation
of new hybrid nanomatertals. A commonly used procedure for this purposs & the decoration of surfaces. The
decoration i 2 process consisting of homogensous and non-agglomerated dispersion of 2 metal on the surface
of graphene. The purpose Is to improve the transfer rate of elecirons between the graphene and the deposited
miolecule. In this way 1t 15 sought to enrich the desired property; such as could be, the photoluminiscence | 5,
6. Ina genetal description, this procedure ocours through the oxygen-containing functienal groups, which are
adsorbed ona vacancy or defect, which subsequently interacts with the suroplum, promoding s anchoring to the
grapheneoxide surfece. In this way, some propertles considering different applications swoh 35 super-capacibons,
solar cells, field-effed transistors, sensors and bicsensors, hydrogen storage batteriss, transparent electrodes,
amang others are modified | 7-%). In particular, rare earth metals such as europiem deposited on graphene show
luminescent properties, which can be valuable for biosensing or optoelectronics | 10, 11]. One of the most usefid
methodologies In nanometalssynithests is the chemical reduction of metal salts in the presance of some stabliring
agent, such as surfactants and the mcorporation of microwave heating for 2 rapid assembly of nanostructiomes
|12, 13). The use of surfactant promotes the dispersion of the solid intothe aguenes media, and helps to control the
dapost and tnsertion of functional groups on the surface of graphens and thereby obtain ordered hybrid matertals
| 14]. Thesa surfactants possess amphiphilic properties. They own long, hvdrophobic il with short, bydrophibic
head, which tends to beadded, resulting In diverse morph ologies, ranging from vesicles b and multilamallares to
hemi-cylindrical and onlon micelles | 15, 16). Besldes the 58 (sodium dodecy| sulfate] surfactant 1s being used
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Influencia del dopaje con Ce en las propiedades
estructurales v nptﬂelectrﬁuicas de pe]iculﬁs

delgadas de ZnO
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El oxido de zine (Zn0) e un ;ode mansperente conductor
(TCO) ouvas propiedades tmicas hacen posible 50150 como
pelicula delgada en diversas aplicacionss tecnolagicas = E1
Zp() tiene una estruchara hexazonal tipe wiltzita {3, = 314
A ¢, =520 A).um ancho prohibédo directo, E . relativamente
grands, de ~3.3 eV, por Lo que es ramsparents en la region
desds UV-Visible-Cercano IR ¥ uma ensrpa excitinica gran-
de, de 60 meV, que resuitaria en una alta eficiencia en emision
de kuz.~* El Zn(¥ ha ganade wm amplio interss en el amhite
cientifico ¥ comercial como TCO alterpative al exido de indie
dopado con estafo (TTON* Entre su0s ventajas se quenta la
posibilidad de modeladn fino en sus propiedadss, baje costa,
abundancia en la Tiema v compatibilidad con procesos de
interracion a gram escala (cimowites ULST). % Para Sbricar
Zn0 en pelicula delzada s= han empleado varias tecnicas,
enire oiras se pueden menciorer &l deposite per Iaser pulsa-
do." erosion iomica reactiva DC.** deposite por capas abom-
A5, evaporacion por canen de electrones,* moco pirolitico™
¥ erosion iomica reactiva BF.

D las tecnicas citadas, 1a evosion iomica reactiva asistida
por diofrecusncia (BF) es un procedinnenio muy amactivo
para fbricar peliculas delzadas de Zn0). Conmolandp pard-
metres de deposite (potencia de la fiuente BF, presion de
trabajo, fujo de gases) es pesible obtener pelicalas homoge-
peas, de espesar ¥ fesiurizade homozeneo sobre areas gran-
des de sustrato v oon aena reproducibilidad, ds propiedadss
compatsbles a las requendas para aplicaciones en dispositi-
w05 optoelectronicos ++ Ademas, dopar al Zndh con una s=-
leccion de elementos &5 um procedimients que pueds provoe-

car modificaciones Swombles enlas propisdade: sstructomlss
v optoelectronicas en las peliculas del=adas de Fpd1=v

D los elementos dispordbles para dopaje, el cenia (Ca)
bha cobrade um interés especial ya que las pelicalas da Zo0y
dopadas con este elements poseen propisdades aptings paa
aplicaciomss en dispositives fhuorsscentes o alectrobminis-

CIEMCIE UAML 7 AND 17, Ma. 7B, MARZCUARRE 2016

centes. "= En paliculss deleadas, e dopaje con T b voslve
emisoras de b en 1a region UV o visible del espectro. -+ En
el caso de pelficulas ds Ze0) dopadss con Ca, se b reportado
que ruands 58 exncian con bor UV, &stas emiten en &l violeta,
aml, werde v amarillo, dependiendo del porcentaje de dopado
v calidad cristalima s

Diada I impertancia v potencialss aglicacionss del Zn0
o pedicals delpmds, &: necesari contimir con infamacion
PIRCisa que permita morerentar el comiral sobee b sinsonizacion
de 535 propiedades optoelectromicas, en fmcion delas condicio-
nes experimentales de deposito, tenperanza v dopaie

En esfe mabajo 52 reponan los resultades obtenidos al
fabricar v caracterizar pelicnlas dslzadas de Znd, sin dopary
dopadas con Ce (Zo0-Ce) Dosterior al depésito, 1as pelicu-
1as se tratan temyicamente &n na atmosfera de oxigeno con al
objetive de minimizar [a presenca de defectos estrochmales
¥ vacancias de owdigena, sl como para mejorar calidad crista-
lina v orientacion preferencial Para su caracterizacion se
emplearon las tecnicas de difraccion de rayes X,
especiroscopia UV-Vis, foiluminiscenca v especimoscopia
de fotoemision de mvos X (XPS). Se discuten los efecios que
tiene la adicion de Ce sohre las propiedades estrocharales ¥
optoelectromicas del Fnl).

EXPERIMENTAL
Equipo experimental

Laz peliculas de Zn0 v de Zn:Ce se fabricaron por erosion
inmica reactiva asistids por BF. Se utilizaron dos blancos: ume
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DENSIDADES Y VISCOSIDADES DE LIQUIDNGS IONICOS PUROS BASADOS EN LOS
CATIONES SULFOXIURL INIDAZOLITAL Y FYRROLIDINIUM Y EL ANTON
BIS(TEIFLUOROAETHYLSULFONYL)IANIDE
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Fesumen

Se detmminamn las dEusidadnﬁ ¥ '.'L::usidach_-'» Ee loz bigmdes iomeos pures 1-butyl-1-
bh{m.ﬂumﬂwlallﬁ:mvl}mmh [EtaS][Nng] 1- a]l?l—3 meﬂlgrhnndamhmn
s flucromethyl=ol fons T de [Armm][NT1:] v 1 ,3 -dimethooammdarolm
bis{mflucromethyl=ulforylamada [(OMe):In][MTf:] en un mmfervalo de temperahna de 27815 a
34315 K a preston atmosfenca. Les resultades obtemdos de densidad se amstaron a la ecuzcion
propuesta por Gardas v Coutnho v los datos de viscosidad a las ecuaciones de Anhemus v de Vogel-
Fulcher-Tanmann (VET). laemumunhpnﬂm‘da;} Coutinho representa los dE'ITISEKPEﬂIlEﬂElE
con um porcentaje de arror promedio absobsto de 0.000021%e, 00211473, 0.044153% v 0.034780%
para el [Bmpwar][NTH], [Et:S5NTE:], [Ammm][NTE] ¥ [I:UI'-'IE};IU:L][“"TTB] rEpecu'mmEurE Para
el cazo de la wiscomdad el modelo de Volgel-Fulcher-Tamman v la ecunacion de Asrhenius

presentaron porcentajes de emor promedio absoluto de 0.0696%, 0.0301% v 003EE% para el
[Broopy[NTf:]. [Et:SINTE] v [Amm][MNTf:], respechvaments con la ecuacion propuesta por
Anhenms, ¥ de 0.0548% 0.1150% y 0.1138% para el [Bopyn][NTf:] [E6S]NTf:] ¥
[Anum][NTH:] con la ecuacion de Volgel-Fulcher-Tammsan.

Intreducecion

Los bgumdes 1omeos (LIs) son sales cuyo punfo de fision se encuentra por debajo de los 373 K. En
general estan formados por un cation orgamico aromatico v un amon morganico [3]. Una de las
propiedades mas mmportantes de estos commpuestos que los hace atactrvos para aplicacion en
dJiErmtEmﬁdEhm&Ehu&m‘ﬁhgﬁumEmmhmummdﬂﬁpﬂrmdm
baja, lo cual los comvierte en sustancias prometedoras como solventes orgamcos en procesos de
exfracclon o mrocesos de destlacion extractva [13]. D-Ehldna_mubajamnnde'mpu' han sido
uwhhzados como sustbuyentes de los compuestos organicos volatiles (COV) para reductr o elinunar
los dafios provementes de estos compuestos ¥ asi contrbuir 3 yma menor contavmnacion amblentsl
[9]. Ttz de las caracteristicas prmeipales de los LIs surge de su encrme vanedzd para modificar sus
propiedades fismcas v quinucas combinando el tipo de cafion v de amion presente en cadz una de sus
estructnzs [7]. Por medio de una selecrion adecuada, el disefio de IIs peromte el desammolle de
procesos v productos mas eficientes [1]. En este senhdo. el conocnments de las propedades
temofisicas, come por ejemplo, la densidad v viscoadad, es de suma importancia desde el punto de
'.mdemxﬁhgaﬂmﬁquehdmundemhqmdn e para alguna aplicacion deternunada se
encuenfra condiciomado por st comportammento termofisico [11] Por ejemplo, las densidades
experimentales son esanmizles para diferentes aplicaciones en la mmpemena quimica, tzles como el
dizetio de diferentes tipos de condensadores, reheridores, tremes de separacion o en recipientss de
almacenammento, asi tambien en la determmnacion de flwjo en tuberas v operaciones de transferencia

© 2116 Academia Mericana de esigackin y Docsmncis &n Ingenleris Sulmica
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Bezumen

En el presente tiabajo se mwveshparon las propiedades de exceso de los bhomdos 1omicos
tryethylsulfonien  bisimflocromethylulfom]iomde  [ES]NTH]  1-allbyl-3-methylimmdazclnom
bis{mfluorome ] sulfonyTimide [Annm][Nsz] 1, 3-dibyvdrosgymudazolmm  [(OH):Im][NT:]
bis{mfluorometnl=ulfonylionds v 1, 3-dimethorommidazolnm  Ws{nfvoromsthylsulfory] hmmde
[(Olde)s Im][HTE:] con l-propanol. Las densidades de los sistemas de mezelas fueron datermminadas
nudiendo el periodo de cecilacion en un densimetro de fubo vibrante de Anfon Paar, en wm misrvalo
de temperahra de 278.15 to 343.15 K a presion atmosfenca. Los datos expenmentales se ajustaron a
la ecuzcion propuesta Redlich-Kister. Los vohimenes molares de exceso para los mstemas de
[EtzS][MNTf:] + l-propancl v [Anwm][MNTf:] + 1-propane], presentzron resultados negatmvos en el
mtervalo de ¥, < 0.9 mnentras gue a concentracion de x,; = 0.9 se precantd wm cambio de signo 2
valores positves. Para el caso del [[OH):Im][MTE: ] + 1-propanacl, los volimmenses molares de exceso
el cambio de signo de negative a positive se observo a concentraciones de vy, = 0.4 ¥ 0.6, mentras
que para [(OMe),Im][NTf;] + 1-propancl fue ax,;, = 0.7.

Introduccion

Los liquidos 1omcos (LI) son sales cuyo punto de fusion se encuentra por debajo de los 373 K. Estan
formados por wn cation orgamco que generalmente es aromafico ¥ un amon mmorgamico [2]. Una de
las caractenisticas principales de los liquidos 10nicos smge de mu enorme vanedad para modificar sus
propiedades fisicas v quinscas combinande el fipo de cation v de anion presente en cada una de sus
estrectmas. Debido a2 que los LI son relativamente sustancias mievas v desconocidas, uno de los
prncipales problemas que se presenfan durante el disefio de procesos o para defermunar Duevas
aphcaciones de estos compuestos, es la ausencia de datos confizbles de sus propiedades termofisicas
mas importantes, tanto para L] paros como sus mezclas con diferentes solventes. En este confexto,
las propiedades de los LI puros ¥ mus mesclas pueden proporcionar informacion no solo acerca de la
estructna del fhodo, sino también mformacion sobre las interacciones moleculares presentes en las
mezclas, las cuales son la base para el mejmenuenio de modelos termodinamcoos v para la
mmm&lmﬂn&lmﬂmmﬂmﬁm@emﬂ] Por eyermplo, en la
mdusina quirneea, se han ublhizade me=elas de LI + agua como absorbente para la remocson de S0
[11]. Ademas, también se han uhlizade mezclzs de 1T con drversos compuestes moleculares para ser
ubhzados como electrolites en baterias de bibo asi como tambien en dispositvos elechromess
meorporados en vebhicules eléchicos [12]. Por otro lado, también se han aplicado drversas mezelas de
Hnmalmh:-lupanlasmtalsdentmshqmdmmm en procesos de extraccion v para la

generacion de ledrogenc [107].
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Micro-Structures of Nanodiamonds Grown
on Silicon by Hot Filament Chemical Vapor
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Abstrace

A method to grow homogensous micro-sized diamond clustess on silicon by Hod-Filament Chemical Vapos
Dreposition in a homemade reactor is reportad in this work. Thermal decomposition of a CH,-H, mixture gases
was carried out in a horizontal quarte-tube reactor at 2200 °C filament temperatuere and 1{III "'C substrate tem-
perature at relative low pressure arowund 150 Toor depositing diamonds on silicon wafers. The diamond micro-
structures are formed by nano-crystalline diamonds, they have a rounded shape and a nammow pardce size
distribution around a micrometer. The diamond micro-structures synthesized in this work showed a strong
FRaman shift signal. a peak at 1330 cm ™ typacal of the diamond and a single optical trap was localized nearty
300 °C by Thermoluminescence analysis indicating that these diamond micro-structuras could be a good ther-
moluminescent dosimeater material Dus to their axcellent properties, diamonds obtained by this technique
should find application in the Momedical and optoelactronic industry.

Keywords: biosensors, dosimetry. nano-diamonds, thermoluminescence
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1 Introduction

Micro- and nano-diamonds synthesized by Hot-Flament Chemical Vapor Deposition (CVIY are promising
material for numerous applications due o their excellent propristies such extreme machanical hardness, broad
optcal ransparency from deep-UV to the far-IK. good alactrical insulation, excellent thermal conductivity, and
resistance o chemical attack and intense radiation (Gracio, Fan, and Madaleno 2010). Micro- and nano-sized di-
amonds have been applied for thelr thermolumindscence proprieties in dosimetry and, due to iis harmlessness
and big-compatibility also have besn wsed recently in the Industry of biosensors (Mochalin et al. 2012). Beside,
diamond has atomic number (£ = &) similar to atomic number biologic tissue (£ = 7.4). this property make
it a suitable material for bio-mechanical applications (Rebisz et al. 2004a). In this work, thermoluminescence
provided information of impaerity defects in diamond crystallites that are used for quantitative determination
of electron and hole traps, this property maks micro-diamonds a successful material for dosimeters. More-
over, Raman spectroscopy and Scanmdng Electron Microscopy (SEM) are the techniques most frequently used
for characterization of diamond (Chowa et al. 2000; Merkulov et al. 2001). Tiamond has been grown as Hims,
columas, micro-crystallites, nano-crystallites and ulira-nano-crystallites (Auciello ot al. 2004). In this research
Raman spectroscopy provided the information about the crystalline quality and discriminated different struc-
tures, such as diamond films, micro-crystallites and no-diamond carbon compounds. Likewise, SEM provided
the morphology and size of the nanodiamonds synthesized by this technique.

2 Experimental procedure

i In this work 2 homemade hot Alament chemical vapor deposition (HFCVLY reactor has been used to grow
i nanodiamonds on silicon wafer. A schemabc diagram of the HECVD reactor is shown in Hgure 1. The growth

B Garda-Cutemez is the mmesposding awmhor.
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Densities and Viscosities for Binary Liquid Mixtures of n-Undecane +
1-Propanol, + 1-Butanol, + 1-Pentanol, and + 1-Hexanol from 283.15

to 363.15 K at 0.1 MPa

Gustavo A Iglesias-Silva,* Adriana Guzman-Lopez, and Guadalupe Pérez-Durin

Drepartamento de hgenieria Ouimia, Instto Tenaagico de Celaya Celaa, Guangmawm CP 38010, México

Mariana Ramos-Estrada

Pacnltad de
CP 580%0), Madm

ABRSTRACT: mFapﬂFHmu&nsﬂumdwmﬂum‘bmm
1-botanol, 1-pentanol, and
l-hexanal from 28315 to 36515 K & 0.1 MFPa over the entire com-
position range Densities come from a vibrating tube densimeter,
while viscogifies are from a pellet microviscometer. A three-body

mixtures of nandecne with 1

McAllister equation comelates the knematic viscosities

with an equation based upon 2 quadratic miring role for the Gibbs
mﬂﬂ&mm exess molir volomes and vismsity dev-
negative deviations from ideality over the temperature range, respec

ations caloolated from the

tvely.

1. INTRODUCTION
Densities and viscosibies of mivinres are essential o ndostrial
applictions that imolve mass, and heat transfer. Alwhals and
their mirtnres are need as solvents or in the mannbdmre of
perfumes and braks Huds. This work is 2 continmtion. of our
work of n-alkanes + 1akoohol " Thermodynamic propertes of
nalkanes + m-abcohals have bem meamred to explain the way
in which the alcohol strocture 8 modified with the addition of
n-alkane. This modihation has been ta be dueto a
partial destmaion of the stoctore formed by the hpdrogen
bonding of the pure l-alcohal during the process. Den-
sities and vismasities of hinary mivtores of nandecane + 1-akohaols
are smre Densities of nundecane with ahanol have been mea-
mdh-?&tﬁudi:Tnﬂthutnfm densitie
with mamdecane + lspropanol, + 1 botanal, |-pentanol, and
Jhﬂdhumteﬁﬂhﬂtﬁtﬂm\mhrﬂthm
mirtnres of this wodk also haw not been messnred
T}ns'hui:rq:uhﬂtd.umhumdmmmhhmm
of n-ndecane with pmopnal, lbatanol, 1pentanol and 1-hewanad
Atﬂ].JlnEFhinmI&U'iuﬂHUﬁEMﬂumglnpnm
Imst.ﬁRﬂ:LEh—E:ntﬂ tppe equation cwrdaies ames mealar
volume and wscosity devisions The MeAllicer' and Naw i
et equations are used i represent the knematic vismeities

2. EXPERIMENTAL SECTION

Samples. The samples were supplied by SAPC for nundecans
(299 in mass fradion %), Sigma-Aldrich for 1-propanal anhydnoos
(9.7 in mass fedion %) l-botanal (998 in mass fraction %),
L.pentanal (299 in mass fraction % |, and | hewanal (299 in mass

wr ACS Publications @ s Amecan chamead socey

Table 1. Sample Information

chmacal imnd pmsy mabpw
T e (A Ma mumfcion mwsthad  mwshad
mamdecann  SARC L4 s mame oC
lgropma  Sgmo-dldnch  71-21-3 L] mam [F&
IHmtmal fgru-Mldnch  71-M-1 namE oo [
lpmanal  fgmo-dldnch 714 LSS oo [
lHemmal  Sigro-Aldech  11-27-3 L mam @
“iao chrosn o graph ¥ provided by the sopplier.
fradtion %). The les have been prepared using an analytical

halnee (Ohans modd ASIZ05] with an aconracy (1 mg
Sobstances are wsed as mcsved and kept in airtight onfaners.
Table 1 shows the speahations of the sample

Apparatuses and Procedures. A vibrating tube densmeter
{Anton Paar, DA 5000 was wsed 0 mesmre the density with a
stated reproducihility by the manofactrer of 1 3 107 g-on™ for
the density and 001 K for the tempersture. The densmeter is
excited by 2 hammonic dectromagnetic force and then senses the
change af the aecillating frequency. An & Mmezasres the
resonance frequency of the tube Densities are rdated to the har-
mamnic asdllation avnsiderng Hook’ lae. The densmeter is
calibrated by the manohdwrer using eo reference thoids: nlirapoe
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Photoluminescence on cerium-doped Zn0) nanorods produced
under sequential atomic laver deposition-hyvdrothermal processes
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Absiract Doped and undoped Zndd nanorod arays wene
prodoced combindng atomic  layer  deposidon  and
hydmihermal processes Fist, a Znd) layer with prefenen-
tial orentiion nommal o the c-axi was grown on e
subaraie by means of the decomposition of diethyleine;
subsequentdy, dwe nanosod amays wene produced theough
apbipthermal process wing a soluton of ZniNOypk as
precursor. Doped Znld nanorods werne produced using Ce
(CaHa-Ha a5 dopant agent precursor. Undoped and
Ce-doped Zn) nanorod amays  showed high-inemsity
phaieluminescence. The doping conceniration of @ = (.04
(Eny_Ce ) displayed the highed photolomnescence.
Undoped Znld showed an ineme 1Y peak centered ai
382 nm with & narrow full wide half madimom of 33 mm.
Ce-doped Zn() PL specira contain thres hands, one simal
in the UY region cenered ai 382 nm, ofer centered
at 467 nm in the near-green region and other one
emissdon centered at 560 nm. The resulis herein expoed
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demomirate the capability to produce high-quality Zndd
and Zny e 0 filma

1 Introduction

Znld wurtzie hexagonal phase & one of the most imponan
functional materials due o s excellent plysicochemical
properiies and iis diversity in ems of morphology, prop-
erties and applications [1, 2). The excellent properties of
Zndd inclode drect band gap (337 eV), messuned & woom
temperature with high exciton hinding energy (60 meV).
Recenily, Zndd has been exiengdvely sudiad because of is
poential applicaton in gas sensor arrays [3], solar celk [4],
phatcdetecions [5], ligh-emining dodes, laser sysgems [ &),
o name a few.

Considering the production of nanodmcinnes based o a
apecific makeral, the momphology & a key factor in pro-
viding differences in comparison with tee ulk compownd.
On this regard, an imponant feature agnboted i Znd =
that it can be shaped o different nanosruemnes such &
nanoeds, nanowines, nanmoplaieleis and nanoiobes, which
are synthesizad through various methods [7]. For instance,
ihin films have been produced by means of spray prrolysis
[4], radio frequenc y magnetron spaiering (], pulsad laser
depoaiiion (PLD) (9], her molecular beam epitaxy (MBE)
[100], mea]l-organic chemical vapor deposiiion (MOCYD)
[11], awmic layer depositon (ALDY [12). In order o
produce Zuld films with uniform fdckness and grain saze,
atpmic layer depositon technigue has been employed
which pmsesses the basic advaniage of mrface conirol
during growith [12]. ALD may be megaded 2 a special
madification of the CVD technique. It is based on surface
reactions, which ane acoomplished by sequental dosing of
LEGEMS eI ads on subsirales.
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Indium-doped Zn0O nanorods grown on Si(1 1 1) using a hybrid
ALD-solvothermal method
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Abstract

Atomic laver deposition (ALD) followed by mibcrowave hydrothermial processing was successfully
employed for producing doped and vertically aligned Zn0 nanorod arrays with different aspect
ratic. Firstly, a textured Zn0 layer with preferential orientation normal to the c-axis was formed on
substrate (1 | 1) silicon single crystals by means of the ALD technigue. This was achieved through
the decomposition of diethvlzine at 190 °C and 3.280 = 10-4 atm, which provided an adequate
template with nudeation sites, favoring further growth of vertical nanorods. Subseguently, nanorod
array growth was produced on the same surfaces through solvothermal synthesis using as promoter
a solution of £nf W01 ),. In addition, growth of indium-doped £nol nanorods over the substrates
was produced by using Inif CHa OO 3 as a doping agent. The method presented allows good quality
Zn0 and Zmy_ glngD thin films to be obtained. Photoluminiscence spectra show clear evidence of the
inclusion of indiom in the ZnCy matrix. The higher intensity ratio £ng 55 1ng (0000 was increased
40-fiold, demonstrating such an effect.

l. Intreduction

The Babrication of nanadevices, which is very important nowadays, 15 dirsctly related with the synthesis of
nanomatarials, which 2ims at improving thedr physical, chemical and machandcal properties. An important tssue
fior research 15 to study the iImprovement in the electrical and structural properties of certaln devices through the
spnthess of nanostructures, proposing factle technliques and low temperature processing | |- As an example, the
fabrication of herarchically structured nanowire/nanoparticle composites presents an advantegenus siruciure,
one that allows nanopariices to provide large surface areas for dye adsorption, whilst the nanowires can enhance
thie lsght hearwesting, the eectron transport rate, and the mechanscal properties of the films | 1]. In that sense, ZR0
nanostructured matertals have recelved constderable attention from diverss reseanch growups due their remarkable
performance 25 2 base for thedevelopment of materials for ebectronics, optics and photondcs | 1, 2] Thetr excellent
properties Include direct band gap energy of 337 &%, 2t room temperature, and 2 high exciton binding energy of
aboiit &0 meV. Maoreover, Zno thin films kave besn grown wsing several technlgues, Including elsctrochemscal
deposition | 3|, magnetronsputteringsystams | £ |, spray pyrolbysis | 5. the thermal evaporation method | 6] metal-
organic chemical vapor deposition | 7| and atomic layer deposition (ALY | &).

The ALD technigue has bezn smployed to generate uniform thickness and grain size Zno thin films due to
s well-known inherent advantage of high quality controd of the surface sample during the growth |9). ALD may
be regarded as a spectal modification of the CVD technlbque. It 1s based on sequeniial saturabng surface reac-
tons, which are accomplishied by 2lternate dosing of gaseous pracursers on substrates. The unique mechanism of
film formation provided by ALD offers several advantages over other technologies. Among them, thelr remark-
abile cxpability of maintaining wtra-uniform thin deposited kryers, and the stmplscity of the reactor destgn and

i 2017 10P Publishing Lid
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Tailoring surface and photocatalytic properties of Zn(Q)
and nitrogen-doped Zn() nanostructures using microwave-
assisted facile hydrothermal synthesis
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Absract Microwave hydmothermal synihesis, usng an
expermental 2 factortal design, was wsed 1o produce
tunable Znld nano- and micmoamneines, and el potential
as photocatalyds was explored. Phowncaialyic reactions
were conducted in a micoreacior baich system under 1Y
and wvisible light mradiation, while moniioring meylens
blue degradaiion, as a made] sysiem. The vanables con-
sddered in the micowave reacton o produce Zold nand- o
M rodlr e res, wene time, NaDH concentration and syn-
thesis temperatore. It was found that, specific swface anes
and volumefSurface area ralio were affeced & a conse-
quence of the synthesis conditions In the second stage, the
samples were plasma rested inoa nirogen simosplene, with
the purpose of niroducing ndiregen oo he Znd) orys-
talline simciure. The central idea & 1o induce changes in
the makedal structure a3 well 25 in s oplical absompdon, Lo
make ihe plasma-treaed maternal weful a3 photocatalysat in
ithe visible region of the elecimmametic spactium. Prisiine
Zn0d and nitrogen-doped Znd compounds wene ¢haracter-
ized by means of X-ray diffraction (XRDY), scanning elec-
tron microsoopy (SEM), specific surface area (RET), XPS,
and UV-Yi diffuse eflectance speciromeopy. The realis
show that the methodology presented in this work is
effective in tailoring the specific arface anea of the Znld
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compands and incorporation of niregen ink heir siroe-
e, facies which in wm, affesd s phoocamlyic
b,

1 Introducton

Organic compounds are present in countess chemical
proceses. Among them, it is wseal po find that a large
amoun of byproducts are generaed which ofien come
from an organic source. Some of these processes prodoce
apecies, which modify, among other characersics, the
oolor of the waler discharge effluents, having frequently a
negative impac on the emvironment In pamicolar, ose
effluenis vsusally aler imporan parameies mch as the
chemical demand of oxypen (COD). Theefore, i &
imporiant i develop materiak which can be helpful i
developing methodologies which altenuate, st leasi 1o some
expent, the effects of pollution cansed by such compoonds.
Common means i aiiain this objective are he advanoced
oxidation processes (AOF); exhibiting high reactivity and
s lectivity, which made them applicable in a grest
varely of situations [1-3]). Alhoogh THy, has shown i be,
in many cases, the mosi efficient photocatalyst for
advanced oxidation poocsaes, oher compounds ach a
Znld have also proven o be a viable altemative [4, 5. In
particolar, Znld has bean shown 1o be more efficient, in
compariam & Ti(k, in specific applications such as the
treamment of waslewaer ansing from pulp bleaching [&—8).
One of he Bmiations of Znd) iz Q13 large energy gap
{337 eV theefore, dwe wavelengh tal promodes achi-
vation of fds semiconducior is clse to 368 nm, which
comesponds 1o near-11Y radistion. However, it has been
ahosen that in some cates, the melevant alrorplion featunes
of some eomponnds can be shified owands the visible by
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