CHEMICAL SYNTHESIS AND CHARACTERIZATION OF
GRAPHENE OXIDE FOR USE AS SATURABLE
ABSORBER AND BROADBAND POLARIZER

YAP YUEN KIAT

THESIS SUBMITTED IN FULFILMENT OF THE
REQUIREMENTS FOR THE DEGREE OF DOCTOR OF
PHILOSOPHY

FACULTY OF SCIENCE
UNIVERSITY OF MALAYA
KUALA LUMPUR

2015



UNIVERSITY OF MALAYA
ORIGINAL LITERARY WORK DECLARATION

Name of Candidate: YAP YUEN KIAT (1.C No: 790907-13-5165)
Registration/Matric No: SHC 100034

Name of Degree: DOCTOR OF PHILOSOPHY

Title of Project Paper/Research Report/Dissertélioesis (“this Work”):

CHEM

ICAL SYNTHESIS AND CHARACTERIZATION OF GRAPHENBXIDE

FOR USE AS SATURABLE ABSORBER AND BROADBAND POLRIAE

Field o

| do

(1)
(2)
3)

(4)
(5)

(6)

f Study: LASER & PHOTONICS

solemnly and sincerely declare that:

| am the sole author/writer of this Work;

This Work is original;

Any use of any work in which copyright exists wasnd by way of fair

dealing and for permitted purposes and any excerpéxtract from, or

reference to or reproduction of any copyright wdr&s been disclosed
expressly and sufficiently and the title of the Wamnd its authorship have
been acknowledged in this Work;

I do not have any actual knowledge nor do | ouglisonably to know that
the making of this work constitutes an infringemehany copyright work;

| hereby assign all and every rights in the copyritp this Work to the

University of Malaya (“UM”), who henceforth shallebowner of the

copyright in this Work and that any reproductioruse in any form or by any
means whatsoever is prohibited without the writtemsent of UM having

been first had and obtained;

I am fully aware that if in the course of makingsthWork | have infringed

any copyright whether intentionally or otherwisemaly be subject to legal
action or any other action as may be determinedMy

Candidate’s Signature Date:

Subscribed and solemnly declared before,

Name:

Witness’s Signature Date:

Designation:



ABSTRACT
Chemically derived graphene oxide (GO) is an ataityigdhin sheet of graphite that
has traditionally served as a precursor for graph&he tunability of the ratio of itp?
and sp® hybridized carbon atoms is a great way to tuneb#sdgap for different
applications. Manipulation of the size, shape aldtive fraction of thesp>hybridized

domains of GO enables the tailoring of its optoetetcs properties.

This thesis presents works undertaken on the clamimthesis, characterization
and photonics applications of GO. The GO is syn#leglsusing simplified Hummers’
method. The emphasis of the synthesis method teeaxperimental time, whereby the
long experimental time spent during the oxidationcpss, typically on mixing the
reactants and cooling or heating the reactants bese reduced from 3 — 5 hours to less
than 5 minutes. The whole process was carried dgimout any temperature control,
neither increasing nor decreasing the temperafline. mixture was stirred at room

temperature for only 3 days and a high degree ifabion is achieved.

Characterization of the area, size, morphology aimgsical properties of the GO is
done using Atomic Force Microscopy (AFM), Field Bsion Scanning Electron
Microscopy (FESEM), X-ray Diffractometry (XRD), Ram spectroscopy, Fourier
Transform Infrared (FTIR) spectroscopy and Therraggnetric Analysis (TGA). For
the nonlinear optical properties of the GO, a sktwale dynamic range power
dependent transmission and absorption measurenpgdraaus and technique are
constructed and developed, enabling the determmaif some important parameters

such as saturation intensity, modulation depthreordsaturald loss.

Based on the characterizations, the GO is usedsasieable absorber (SA). The GO

was transferred onto a fibre ferrule using ‘diptoagi and thin film transfer method.



ReliableQ-switched fibre lasers were successfully demoredtreRulse duration as short
as ~4.0us and pulse repetition rate of ~60.0 kHz had besmesed. Comparison
between GO with reduced graphene oxide (rGO) @ssaitching device in the same

laser resonator was carried out and studied.

Finally, to harness the wave-guiding and anisotrapelectric properties of GO, a
broadband waveguide polarizer is realized by cga®O on a polymer optical
waveguide. The polarization state of the polarazetput was measured in free space
using a polarimeter. The extinction ratio of the ®@sed polarizer is found to be
approximately 40 dB at 1590 nm. This is the higleedinction ratio ever reported for

graphene-based waveguide polarizer to date.



ABSTRAK
Graphene oksida ( GO ) yang diperolehi secara kadi@ah lembaran nipis atom
grafit dan digunakan sebagai pelopor untuk grapmeeegikut tradisi. Kebolehtalaan
nisbah pecahasp’ dansp® adalah cara yang bagus untuk menala jurang jaituku
kegunaan yang berlainan. Manipulasi saiz, bentuk pecahan relatif domaisp?

terhibrid GO membolehkan penyesuaian sifat-sifaepktroniknya .

Tesis ini menyampaikan kerja-kerja yang dilaksanakmda sintesis kimia ,
pencirian dan kegunaan fotonik GO . GO disintegsgdn menggunakan kaedah
Hummers yang dipermudahkan. Penekanan cara siniesi@dalah pada masa
eksperimen, di mana waktu eksperimen panjang yasiabiskan semasa proses
pengoksidaan, biasanya pada mencampurkan bahan-tathak balas dan menyejukan
atau memanaskan bahan-bahan tindak balas telatadgkan dari 3 - 5 jam ke kurang
dari 5 minit . Seluruh proses ini dilakukan tanpavilan suhu , tidak meningkatan atau
menurunkan suhu . Campuran itu dikacau pada suikisblama hanya 3 hari dan takat

pengoksidaan tinggi dicapai .

Pencirian keluasan, saiz, morfologi dan sifat-sifizik GO dilakukan dengan
menggunakan Mikroskopi Daya Atom, Mikroskopi Elektr Pengimbas Pancaran
Medan, Belauan sinar-X, spektroskopi Raman, spskd@ Infra-Merah Ubahan
Fourier dan Analisis Termogravimetri. Untuk siféasoptik tak linear GO, satu set alat
dan teknik ukuran penghantaran dan penyerapan lyargantung kepada kuasa yang
berjulat dinamik meluas dibina dan diperkembangkamembolehkan penentuan
beberapa parameter yang penting seperti keamati@puge kedalaman modulasi dan

kehilangan tak linear.



Berdasarkan pencirian-pencirian tersebut, GO digamasebagai penyerap boleh
tepu. GO dipindahkan ke atas ferrule serabut seszdu@an celup dan pemindahan film
nipis . Laser serabut opti® tersuis yang boleh diyakini telah berjaya ditutjguk.
Tempoh denyutan sesingkat ~46 and kadar ulangan denyutan ~60.0 kHz telah
dicapai. Bandingan antara GO dengan GO yang diglkean sebagai sui® dalam

rongga resonans yang sama telah dijalankan daj. dika

Akhirnya , untuk memanfaatkan sifat-sifat memandelogpnbang dan dielektrik
anisotropik GO , sebuah pengutub pemandu gelombalog lebar direalisasikan
dengan menyalurkan GO pada suatu pemandu gelomiyatilg polimer. Keadaan
pengutuban output pengutub diukur pada ruang betb@sgan menggunakan
polarimeter. Nisbah kepupusan pengutub berdas&kanlidapati adalah lebih kurang
40 dB pada 1590 nm. Ini adalah nisbah kepupisang#hggi yang dilaporkan untuk

pengutub pemandu gelombang berdasarkan graphekeatsiet.

vi
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