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Advantages of Infrared Spectroscopy

%  Nearly Universal Detector
(Only homonuclear diatomics excluded)

%  Characteristic Group Frequencies

%  Ability to Distinguish Structural Isomers
(Not necessarily true of mass spectrometry)

%  Ability to Do in situ Non-Intrusive Probing

%  Time Resolved Studies Convenient
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Applications Where IR Laser
Spectroscopies Excel

Time Resolved Studies of Transients (Laboratory)

Remote Sensing of Specific Chemical Species
(Emissions)

e Chemical plants and refineries
e Automobiles

e Rice fields

e Forest fires

e Volcanoes
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Tunable CW IR Laser Sources

Color Center Lasers
Tunable (1-4 pm)
Low temperature needed

Lead Salt Diode Lasers
Tunable (3-30 pm)

Each diode ~100 cm™
Undesirable discontinuities
Low temperature needed

Tunable III-V Semiconductor Diode Lasers
CO and CO, Sideband Lasers

Difference Frequency Generation (DFG)
Tunable: 2-4 pm (LiNbO;), 3-9 pum (AgGas,)
Room Temperature

Optical Parametric Oscillators (OPO)
Tunable 2-4 um (LiNbO5, KTP, BBO)
CW and Pulsed
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High Resolution Difference Frequency
Generation Experiments

%  LiNbO; (1974)
e A.Pine at NIST
e Single mode Ar™ and dye laser

e Coverage to 4 Lm

%  LilO, (1980)
e T. Oka at University of Chicago
e Single mode Ar" and dye laser

e (Coverage to 5.2 um

¥  AgGaS, (1991)
e Rice Group
e 2 tunable single mode lasers

e Coverage to 10 um
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Spectral Characteristics of a Tunable
Infrared Laser Based DFG Source

Wavelength Coverage ~4to9 um

Resolution <1 MHz

Absolute Accuracy <200 MHz

Continuously Tunable ~1 cm™ (~ 30 GHz)

IR Power ~> 10 uW (cw)

Divergence < 5 mrad

Nonlinear Material AgGaS,

Pump Sources CW dye, Ti:sapphire, and diode

lasers
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RQI Molecular Spectroscopy Group

R.F. Curl: Spectroscopy
e Propargyl Radical, H, C-C=CH
e HCCN
e CO Stretch of Ketenyl, 2040 cm™!

G.P. Glass &  Chemical Kinetics

R.F. Curl: e Propargyl Recombination
e Thermal de NO, Branching Ratios
e HCCO Reaction Rates
e NH, + O Kinetics

F.K. Tittel &  Laser Development & Nonlinear Optics
R.F. Curl: e IR Difference Frequency Generation
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Recent Spectroscopic Accomplishments

Absorption Spectroscopy
e Vv, band NH; @ 1195 cm™

o V;+V,band N,0 @ 1880 cm™

Infrared Kinetic Spectroscopy (IRKS)
RX + hv — R. + X.

e CO vibr. excited states near 2100 cm™
e HOCO v, band Q-branch near 1852 cm ™"
e DOCO v, band Q-branch near 1850 cm™

¢ HCCN v, CCN asymmetric stationary motion near
1745 cm™

1

fkt/1-94/0e-lase94/9



AjIs1I9AIUN B21Y
ATEov Aouanbaig

GlLLE &lLLE L' LLLL 6911
| S R R .,
. :.Eu:ucw:cm_.._ . H
\(:.,mfrr:m_{._m:_ :n_v_m_ﬁ.ro | HINO
(z ~) -5 -
SRR DN o
ﬁ_a%wm -- g -
—9'0 =
i O
“ LW —80
"M 10=Yd Wogg=] r{ = o,
U} L =CHN)d (1) "sa =
-4

WO /|| JEOU SHN JO
winJloadg uolldiosqy uolinjosay ybiH



£'0881

lo

6'6L81

[wo/1] Adusanbauy-yy

£8L8I

oo _w.m_gm | _M.@_::_ Lt o
(A Vo

E uzqmm..@ o, NN/\

[ne] Lsusjuy YI



uondiosqy %l - %09 ~
00-90 ~

(IN%0-)dxa = “(d/dV)

LW/, 0} ~ $18Q40sqY [eolpeY Jo AisUag UwnjoD = N

2O . 0L -, 0L~ (fead) Uoioss-ssoiI Hi = 0

seb Josinoaild Buiuieluos |39,
1019919P H| \\

ZH 007-0g Pejeadey |
es[na/suoioyd ;04|

(1) WU gBL- P OOL |

sisAjoloud
IaWwinxg

9(q0.d Yl

b
t

snjeleddy Adoosou1oedg onaury paJeljul



Adoosoa0adg

yse| sisAjojouyd

soleuy o,

uondiosqy
di

eled SMdI



Time [msec]

N CO h
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‘HOCO v, Q-Branches
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HCCN Equilibrium Geometry

Linear
PR (1964,1965)

Bernheim et al.

EPR (1970)

Bernheim et al.

Huckel (1968)
Hoffmann et al.

EPR (1970)

Wassermann et al.

Matrix IR (1977)

Dendramis and Leroi

ADb Initio (1978)

Dendramis and Leroi

MW (1984)

Saito, Endo, Hirota

Bent

Ab Initio (1979)
Zandler, Schaefer et al.

Ab Initio (1983)
Kim, Schaefer et al.

MR-CISD (1987)

Rice , Schaefer

CCSD(T) (1992)
Seidl, Schaefer

QCISD(T) (1993)

Aoki et al.

Quasi-Linear

CCI (1988)

Roos et al.

MW (1990)

Brown, Saito, Yamamoto

IRKS (1993)

Farhat, Morter, Curl

MW (1993)

Saito, Endo

IRKS (1993)
Miller, Eckhoff, Curl

Los Alamos 17/QL vs bent
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X XK XK X X

Advantages of Diode Laser Pumping

Scalable to High Peak and Average Power

Broad Wavelength Coverage
(~ 0.6 to 3 m)

High Efficiency Source of Narrow Band Radiation
(nelec ~ 40%)

Frequency and Amplitude Control

Long Lifetime Operation > 20,000 hours
Room Temperature or TE Cooled Operation
Compact Size

Cost

fkt/1-94/welch94/4
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Discrete Flared Amplifier MOPA

—1.5 mm
8.6 mm 7.7 mm
4 1L T 160 Fout
pm F% L ym Y
100 mW C AR Coated =
Single-Mode
Laser (R =0.1%)
4000 T ' N
O
3000 | © .
Py O
= o
E o
. 2000 7
(eb] o]
‘,.,g 0 :
o
1000 o) )
(@)
O
o o © n 1 | e
OO 2 4 6 8

Current (A)

Light-current curve for cw operation, Pi=400 mW
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Tapered Amplifier/Ti:Sapphire Laser
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Summary

DFG Spectrometer Using Dye/Ti:Sapphire Lasers

e Tuning Range: 4 to 9 um

e Single-Frequency Scan: ~1 cm ™!

e Spectral Linewidth: Av <1 MHz

e IR Power: Several 10 pW (~ 300 pW)

High Resolution Infrared Spectroscopy

e Vibrationally Excited CO

e Vv, Fundamental Vibration of HOCO ~ 1852.5 cm™ !
e Vv, Fundamental Vibration of HCCN ~ 1740 cm™

DFG Spectrometer Using Diode Lasers & Amplifiers
e IR Power with Diode/Ti:Sapphire: ~ 2 uW
e IR Power with Diode Amplifier/Ti:Sapphire:

~ 50 WW cw, ~ 90 uW pulsed

Novel Applications of Compact Mid-Infrared

- DFG Sources
e Molecular Spectroscopy
e Remote Sensing and Pollution Monitoring

fkt/3-94/welch94/6



Acknowledgments

Robert F. Curl
Graham Glass
Richard Smalley

Welch Foundation

Department of Energy

U. Simon

C. Miller

K. Petrov

National Science Foundation

Humboldt Foundation

fkt/3-94/welch94/18



