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Ferninfrarot
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e better signal-to-noise
rel * no bolometer
I | I

0 50 100
wavenumber / cm”



rel

Ferninfrarot/THz

— FIR

- THz

— FIR ext.

0 50
-1
wavenumber /cm

100

[C,mIm][NTT,]

e from 30 down to 2 cm!
e better signal-to-noise
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DOE-NSF-NIH Workshop on Opportunities in THz Science
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THz-Spektroskopie

T-RAYS 0N THE
SPECTRLM

I'ugqul,-n\':, H]

Small High Performance THz Hardware

THz Spectral Database

: THz Fropagation Model

i3

THz Remote Sensing, Telecommunications, THz Spectroscopy
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THz-Spektrometer

Chopper

-~ THz
R Transmitter FI emtosecond
s ; A (FRU} T y
THz Receiver - A F? | 8 p 2
Dipole Antenna \ K \\\
-{-\J =
M@ M1 (f%m
N Lt g
Ny . - -
M1 NN & M M1 = KM100 with
Protected Silver Mirror _
Figure 1

THz-TDS System Based on Thorlabs' Standard Opto-Mechanical Components
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Technology - Terahertz spectral region
60 GHz — 10 THz or 2 cm™ — 300 <m™

radio waves microwaves | terahertz } infrared %g uv X-rays

.
.
......
.
-
as®




High frequency pulse
From internal laser

THz-Strahlen

vbias

< 500 fs THz pulse

= -

— THz pulse due to transient
screening of bias filed by

1 GaAs photo-injected charge

substrate

TeraView
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THz-Intensitat

Tnﬂ "'""1""1'""r"'"'r""'r"-']
contact-alectrodes 107 — Rounded dipole w/ integrated FEﬁjEtDl'.
. - Standard bowtie antenna
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Frequency /THz

device design schematic
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THz: Spektroskopie und Bildgebung

Spectroscopy

Frequency/THz
0.8 1.5 23 3.0 38 45 53

Frequency
domain

< 500 fs THz pulse
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<© < >
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THz: TeraView

Ti- hi _ Sample compartment
I’sapphire Terahertz emitter (N, purged or vacuum)

laser (800 nm) \

EPRE CO mputer .....

Terahertz receiver

Sample
P P

-----------------------------

Optical
delay
P.F. Taday and D.A. Newnham,
Spectroscopy Europe, 16 (2004) 20-24.
TeraView
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THz: ATR

Clamp ATR of Tablet

Silicon
Crystal

LHJ W L!,hd” ;J

Penetration .&':(.-.:'(L(m:'pf:-.m,ﬁ.m A,

into tablet
Approx
200microns

THZ beam THZ reflection

Thz depth penetration far greater than Mid IR
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THz: VVon der Zeit- in die Frequenzedomane

Frequency/THz
d Time domain I 0.8 1.5 23 3.0 38 45 53

i} i . Frequency domain .

Teraheriz electric field
Terahertz power (a.u.)

t‘ﬂ"“‘ —71 &} W

3 5 4.0 1 2 3 4 25 50 75 100 125 150 175
Ointical delav/na Wavenumber/cm

15



THz-Anwendung

Safe Tablets & Accelerated Drug Dev

Chuality Factor
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Visible THz

Detecting Explosives

THz
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5 ___/\/\PErN
X < TNT

Materials characterization
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destructiv
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High frequency measurements
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THz-Anwednung

Solid-state physics & chemistry

Security, forensics, & defence

Earth sciences ..
,t\. _r..-"\; :.__I e ; E

Pharmaceutical %

1._ 4
Lhid
4

Food science

HE) 1

Biology/medical

Gas phase and monitoring
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THz-Spektroskopie

Terahertz Spectral Region Infrared Spectral Region
* Intermolecular bond vibrations + Intramolecular bond vibrations
» Directly affected by crystal - Indirectly affected by crystal

changes changes
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Absorbance [a.u.]
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THz: Polymorphie

Polymorphs of Sulphathiazole

Form |

Form |l

Form [l

Wavenumber [cm™]

Hydrates of Lactose

Frequency/THz
06 12 18 24 3.0
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1 « monohydrate

Absorbance

1 « anhydrate
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19



THz: flussig/kristallin?

2.0
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1.0
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Indomethacin

- () % crystalline
—_— 20 % crystalline
40 Y% crystalline
— 60 % crystalline
80 % crystalline 50
= 100 % crystalline

66
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Absorbance

THz: Zucker, Carboxylsauren, Vitamine

Sugar alcohols Carboxylic acids Vitamins
Frequency/THz Frequaency/THzZ
Frequency/THz equency
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THz: Aminosauren

Absorbance

Amino acids
Frequency/THz

0.7

13 20 27 33

1 Glutamine

(GLN)

Tyrosine (TYR)

Glycine (GLY)

20
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60 80 100
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THz: Sprengstoffe

Detecting explosives

Frequency/THz
0.6 1.2 1.8 2.4 3.0

M

HMX

Absorbance

TNT

20 40 60 80 100
Wavenumber/cm’”
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THz: Wasser

frequency / THz
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e 60cm? (1.8 THz): “rattling” motion of a single water molecule in a
cage of surrounding water molecules

e 200 cm? (6 THz): stretching of the water-water hydrogen bond



THz: wassrige Salzlosungen

frequency / THz
0.0 0.3 0.6 0.9 1.2 15 1.8 21
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In solution sodium chloride and other ionic species
Influence the conductivity of the water medium, and
can directly or indirectly through electronic polarisation

affect the motions and hydrogen bonding in water. %
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THz: Additive
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C Cl-
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