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In this thesis the development of an integrated optics for the first principle analysis of
terahertz (THz) spectrum of selected biomolecules is presented. Two designs of THz waveguides
were characterized and two biomolecules were studied. In each of the works, THz spectra were
obtained both experimentally and by using theoretical calculation models in order to complement
each other’s veracity.

Planar photonic crystal waveguide (PPCW), a sheet-like polymer-based material with high
transparency from the deep ultraviolet to the far infrared regime, was investigated in the THz
region. Frequency-selective characteristic of the PPCW was revealed and found to have center
frequency about 0.45 THz. At a length of 30 mm, single mode propagation was achieved. The
calculation using finite difference time domain (FDTD) method was also implemented and used
to compare to the experimental results. Relative agreement between the experimental data and
theoretical calculation was attained. The coupling loss was estimated to be 1.2 dB while the
broadband propagation loss value of 3.6 dB/cm.

The transmission of THz radiation using microstructured polymer optical fiber was also
analyzed. The time domain reference signal showed a single pulse while that of the fibers
manifested two pulses, with the second pulse delayed by about 20 ps with respect to the first
pulse. The. first pulse is attributed to the THz wave that propagated through the hollow core
while the second signal is surmised as the component of the THz wave that propagated in the
microstructured. The snapshots of the FDTD simulation show that such delay is present as the
THz wave is propagating through the fiber. When the frequency spectra of the fibers were
plotted, a shift in the central frequency was observed. The experimental transmission band is 0.8
— 1.4 THz for fiber 1 and 1.0 - 1.6 THz for fiber 2; its width is approximately 50% of the centre
frequency. FDTD calculation also showed this shift in the frequency bands but its center
frequency is different to that of the experiment, which was surmised to be due to the elliptical
microstructured cladding of the fibers while circular cladding were used in the calculation. These
fibres were also reported to guide in the visible and infrared by the photonic bandgap
mechanism, and a theoretical investigation of the photonic bandgaps of such fibres were reported
for visible and telecommunications wavelengths. Propagation losses were estimated to be as low
as 0.9 dB/cm using the same method in obtaining the losses of PPCW.

Far infrared spectra of naphthalene and 1,4-dihydroxynaphthalene (1,4-naphthol), which
exhibits estrogenic like activity and potentially mimic natural hormones, were measured in the
region from 0.5 to 6.3 THz at 4 K and room temperature using a GaP THz wave generator.
Quantum chemical calculations were also performed to obtain normal mode coordinates and
frequencies for an isolated molecule and unit cell case using density functional theory (DFT). A

shift in the absorption peaks in the 4 K spectra of naphthalene and 1,4-naphthol with respect its



room temperature spectra were observed. This is related to the temperature dependence of
sample density and average hydrogen-bond strength, as well as anharmonic distribution of
vibrational states. Correlation field splitting was also observed in the low temperature spectra
that originated from the dipole-dipole coupling between the molecules that split the
intramolecular vibrational modes in the crystal. Another origin of the splitting is deduced to be
due to changing of vibrational motions of between two pairs of 1,4-naphthol brought about by
their orientation in the unit cell. Density functional theory (DFT) calculations for both the
isolated molecule and unit cell models predicted the shift in the absorption peaks of the
experimental spectra brought about by the presence of the hydroxyl group. Normal modes were
also assigned which are both the intra- and intermolecular interaction.

Retinal isomers, 9-cis, 13-cis, and all-trans, which are chromophores found in
vertebrates, are investigated from 0.5-6.5 THz in the low temperature environment. Shift in
absorption peaks were observed. Such changes were attributed to changes in the intramolecular
interaction of each retinal isomer near the ground state condition. DFT calculations showed that
the modes are dominated by intramolecular interaction and supported the assertion that shifts in
the absorption peaks are due to the changes in the intramolecular interaction of each retinal
isomer.

This work showed first principles analysis of selected biomolecules and the development
of integrated optics with low losses in the THz. However, there are still challenges that are
needed to be address before fully functional THz optic devices are realized for biomolecular
applications. First, though the presented THz waveguides here are so far has the lowest reported
loss in their class, its design and flexibility is yet to be optimized. Second, since vibrations in this
region correspond to collective motions of large portions of the molecules with considerably
large moving masses and weak potential forces, its spectra is rather complicated and its
vibrational mode is difficult to assign. Single molecule or unit cell model are not sufficient to

accurately predict these parameters and periodic boundary condition is therefore needed.
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AFIX. 7 Development of Integrated Optics for the first Principle Analysis of
the terahertz Spectrum of Some Biomolecules” (REEL. TEMLSERR I TWVA,

%1% [Introduction] Tid, HEDERIZHOWVTRRERIZ, KBATTIXESH S F DO THz
ARG NNV DI DDFIZIRATT 4 7 AEEFEL, T CTHAWEEREOKMEL T
BLEBIT. W ODDEEREYN S TFOTHZANYZ "AERIETDHZ L. BIVEDES
WZOWTIHERTWB, £, BONTTHZARY NV OERES 2RIEET 572 0HEHG & OB
EATH LT3,

% 2% [Experimental Techniques used for THz spectroscopyl) TiX. KM THW =
THz time domain transmission spectroscopy (TDTS) & VN9 THz43 YEEEIZ DWW TR TV 5,

% 3Z [CYTOP planar THz waveguide: A highly transparent plastic for hybrid optics
applications)] TlX. AL THV /~Planar photonic crystal waveguide (PPCW)IZ-DU>
THENTWD, BEEZHENY— MRICLAEABSICERRBRB I EFEEBLEZERL
TeEBRTWD, £z, PPOWEBEANY MADLARMBERENS S D Z L EZHLMNIT L,
FTOBBHIZLERLTWS, EHIZ, finite-difference time-domain (FDID) X = L —
va Il L o TPPONR Y Y TN E— R THGRWRIREREZFESZLE2F L, Z0Z Lk
EBRMICOEND DI LR ATV D, —F ., CYTOPIXIEA W AR BRI TE VBB &2 &
TOT, RFERORFICBWTEENRFAEEZE L TWE ERRTND, UE»S, K
FMOLASCYTOPA bR IE X N PPCWO EA A REMZ R LIz Lk =T W5,

%4 [Transmission of THz radiation using microstructured polymer optical fiber]
T, KX THAWES 9 —>DEKE TH Hnicrostructured polymer optical fiber
(mPOF) IZ DWW TR~ TUW D, Z DOmPOFIZTHzIE %38 L Z DM & AR, THz A2 b
WICEBEPBRISNTZR, ZHEAV FEX Y v TOFEELLTFRENIFERE TS
EBXTWB, £72, FDIDV I a2 b—T a3 VORER, BEFEIC—H 7 bBELRE LD
DEBRBERVPBHRIN L BTG,

#%5% [Experimental and calculated THz spectra of naphthalene and
1, 4-dihydroxynaphthalene in the 0.5 - 6.0 THz region] Ti%. 0.52>56.3 THzIZ I}
D27V EL 4T T b= DRRANY MAEER L4 KTHE LoERIZOW TR
NTWDAKTIEHZR LB L TRINE — 7 RXEHEHA~BE L BRIBIZLELSR O,
SHIF Ty NE— I BRBHESNE ERRTVE, B—SF LEMELIZOVWTITo
Density Functional Theory (DFT) StEIZ L A AT M EEB ENTZ AT ML & BT
DI LRI -T. ZFAN - HFHBEEAOBINEZITV., D FRNMBEERIC OV T, OH
BEDHFELL DD FRHEEEMAOBEDEVARROEY -2 V7 e LTI LR
EBREREDFTHEOKROMEN SR LI EBRRTWE, —F . S FRBEEEAICONT
W DFTRHRE EER TR E— 7 0BAEHEN 7 PLTEBY, Zhi, YIalb—va VicH
W T AR+ BRBETIERVEZD TH D LT3,

%62 [Vibrational analysis of all-trans, 13-cis, and 9-cis retinal isomers in the
0.45 to 5.50 THz region] TIXVFF— N OEMEENEEDORHNANT bLERTI L%
BARTND, BRIROE—27 7 MILSFRNEEEATHRATE, DFTHEM» L L RO RM



EROE—7 7 bBRBGLRIZEBNTND,

#E7E [Conclusion and Recommendationl] TiX, AKX THONZHERLZ T L H, 5 #
DBBIZDOWVWTIHEATVWD,
ULZBT B AFRITVIOTEEDGFOT T~V AT MLVOE—FRBRERZF L.
FEDARY "NWERETDHIEOOTHz 77T 4 7 AERELEZLOTHY, BELERYT

HBEZADBKTHD, LoT, ARTITELEZF)DFEMBLE LTHHCMEOH S B
DERDD,



