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LBL Heritage and Presentation Outline

FASCODE AFGL Fast Atmospheric Signature CODE 1977

LBLRTM AER Line By Line Radiative Transfer Model 1983

LBL CRA CRA 2010
Outline

« Emphasis on Physics

e Background and Intellectual Underpinnings
* Line Shape

e Line Coupling

» Validation Issues

e Validation Cases
- AERI
- |ASI

- To Do List
e Summary




Related Models

LBLXXX Clough et. al.

CHARTS Multiple scattering Moncet and Clough
Adding Doubling Method

* MonoRTM MonochromRTM for limited # of frequencies Boukabara, Cady-Pereira and Clough
e.g. microwave

DISORT Multiple Scattering Stamnes and Wiscombe
Discrete Ordinate Method

* RRTM* Rapid RTM Mlawer and Clough
General Circulation Models

* OSS Optimal Spectral Sampling Moncet

* MT_CKD Continuum Mlawer, Payne and Clough

* adjoint easily developed due to coding attributes (next slide)

Physics consistent with LBLxxXx in these models !




Example of Code Utilization

Main features of the McRad radiation package

Acceptance of RRTM by the GCM

The main features of the McRad radiation package
are summarised in the table

community is a direct consequence

of the acknowledged accuracy of RRTM RRTMsw
Solution of
LBLRTM Radiation
Two-stream method | Two-stream method
Transfer
Equation
FORECAST VERIFICATION Number of
500 hPa GECPOTENTIAL —— Oparationsl spectral 16 (140 g-points) 14 (112 g-points)
ANCMELY CORAELATION FORECAST intervals
ARCRS M TINE=1F MEAHOVER Bl CASES wemsce-Cyole 22035
DATE = 20000301 10 2000820 H;0, CO4, 04, CHy, | H30, CO4 04, CHy,
f00 : Absorbers M,0, CFC,,, CFC,, | N,0, CFC,, CFC,,,
90 aerosols aerosols
807 3"““““""'“ HITRAN, 1996 HITRAN, 1996
- atabase .

Absorption From LELRTM line- | From LELRETM linge-
60| coefficients by-line model by-line model
50 Cloud handling | True cloud fraction | True cloud fraction
40 Cloud optical .

. 16-band spectral

properties - 14-band T, g, w
30 method emissivity
Ay ] 3 3 3 3 B 7 B !.'Iata: Ebert & Curry, 1992 | Ebert & Curry, 1992

Forecast Dav ice clouds Fu et al., 1998* Fu, 1996*
=

Data: Smith & Shi, 1992 Fouquart, 1987

water clouds Lindner & Li, 2000* Slingo, 1989*

Cloud overlap

assumption Maximum-random | Maximum-random

set up in cloud or generalised* or generalised”

generator

References Mlawer et al., 1997 | Miawer & Clough,

Morcrette et al., 2001 1997




LBL Model Attributes

 Computational Accuracy
Voigt Line Shape Planck Fn Layer Merging Optical Depth Radiance
0.1% 0.05% 0.1% 0.1% 0.1%

e Computational Gain

Optimal Sampling Voigt Line Shape Line Couplingzncl Planck Fn
10x 10x 10x 2X

Computational gain can be utilized to do more complicated problems in the same amount of time

o Attributes

- Linear Algebra wherever possible

- Piecewise continuous wherever possible

- Planck Fn ‘linear in tau’ across inhomogeneous layer

- Voigt Fn obtained as a linear combination of precalculated functions
- Units: cgs

- Line Coupling (second order)

- NonLTE

- Analytic Derivatives

- Logical structure of high order

- Modular and proven very flexible

- Coding: Horrendous

|
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Formalism for LBL Calculations

« Validity from Microwave through Solar UV
 Detail Balance across entire extent of the line

- Radiance = Planck_Fn * [ 1 - Transmittance ]

A Bit of History: With a nod to heroes of the profession!

Problem: Incoherent understanding of line shape associated with binary collisions
(~1972)  What is the validity of the impact line shape ?

What is the line shape far from line center that satisfies the physical constraints?

Development of a Water Vapor Continuum Model (Clough and Kneizys 1975)
- Phillip Anderson thesis (student of Van Vleck) (1950)

- Huber and Van Vleck | (1966)
- Huber and Van Vleck I (1972)
- John Van Vleck (Rev Mod Phys; 1978)



Formalism for LBL Calculations Il

1- e—hcv/kT

k(V) =V w Im <¢(V)+ ¢(—V)>
1+€

k(v) = v tanh(hcv/2kT) Im < g(v)+p(-v)>

radiation field molecular system <> radiation interaction
(line shape)
<symmetrized spectral density function>

» Radiation balance is satisfied over the full extent of the spectral line irrespective of accuracy of ¢(V) !
» F-sum rule rigorously satisfied: integral over v ?  value of the band strength
* Led to the development of the CKD continuum model

Impact Result:

. ﬂ <§¥0(T)l a;P N ;P >
1+ @ NeV/KT N (vi +V)2+(0£i P)2 (vi —V)2+(ai P)2
Microwave:
hCV2 1 o, P o P
~—— <9{T)= { ' + : > Van Vleck - Weisskopf
2kT S (Vi TV )2 + (ai P)2 (Vi - V)Z + (ai P)2 Gross, etc. | XXX

Infrared:

Q

1% <§Y|O(T)% {(V - V;ﬁf(a_ P)z] > Lorentz

|
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LBL Model

Atmosphere (Iblatm)
Loop over Layers (xlayer)
Opt_Dpth (hirac)

Radiance (xmerge)

Postprocessing (e.qg. fftscan)

Databases

Prestored Atmospheres

Line parameters

Partition Function

Continuum

NonLTE State Populations
Cross Sections

Aerosols and Clouds (absorbers)

HIRAC < <¢(V)+o(-v)>

High Resolution Absorption Coefficient




Formalism for LBL Calculations lli

Impact Approximation »» Duration of Collision »» ¥ (v, -v) factor

—hcv/KT
1-¢€ 1 a; P a. P
k(v) = v — ! 2(v+v) + ! 7
{1%‘“‘”’”} 7T {( +v)2+(aiP)2 ( ) ( —1/)2+(05i P)2 (
grade grade
Strength A+
= v +0,(P, T) Line Position  A++ Pressure Shift C/D
T/, .
o= o Y, Width B T Dependence C
r(v-v) ¥ Fn ?

v) >



Line Coupling
. -1
The task is to evaluate the collision operator in Liouville (line) space: [v— Vo— | P-W]

k(v) = vtanh (,81//2) Im[¢(v)+ ¢(—v)]

i()==3 ‘ S ‘ k o
V)==2 uj<j , > [kPk
IT Tk / (V—VO)— Pw Pk
: : . transition rate operator
diagonalize: (vo +/iPW)
X v+ IPW)X = 2 + A"
v—v,—iPW = X (v=24'-id") X
N N i _ _ 2
(v-v, —iPW)l: X l(v—/l’—l/l")lx I=PAH

p(v)== Zﬂ, Xy (v=2-i2") "X P

jkl

(v=A)+ i
HZ(V 24)2 WZZ Y Hie Pre M 5_s, [1+g| (Fp);j]
z £|’+.Sf(v /1|) S"=S.yl(p%)
O Gy )
S S" A A" N=v+5 (PBO)
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Line Shape

Line Shape including widths, shifts and line coupling coefficients is the dominant
source of error in current radiance calculations

Doppler

Collisional

Voigt

Duration of collision
Speed Dependent Voigt
Line Coupling

Gaussian

Lorentzian frequency of collision: (P/T)
Convolution of Gaussian with Lorentzian

Impact approximation is just that: line wings must decay exponentially
Doppler and Collisional processes are not independent

Collisional relaxation matrix between lines required

11



Thoughts on Forward Model Validation and Spectroscopy

» The atmospheric conditions for which spectroscopic parameters are required are difficult to obtain
in the laboratory- for water vapor, essentially impossible (long paths-cold temperatures)

» Spectroscopy error, though small, is the dominant error in most retrievals

» Spectroscopists have been making significant progress

» The OCO experiment has been a great motivator

» A strong commitment to study line shapes was articulated at the HITRAN meeting June 2010

* Nevertheless, improved spectroscopy is needed now!

In situ measurements are simply not adequate
- Spatial and temporal sampling issues
- Accuracy of the measurements themselves is not adequate

- In situ measurements are useful: e.g. vertical structure

My perspective is that the atmosphere will have to function as our laboratory
- Focus on a small number of cases (10) spanning a range of atmospheric conditions
- Initial cases: night time over ocean quiet atmosphere
Progressing to day time cases, land cases always with as quiet an atmosphere as possible
- Spectral residuals to follow are based on ad hoc changes in line parameters
Progressing to retrieval of line parameters from atmospheric spectra (tuning?)

12



What is Truth?

« Spectral Residuals are Key! /@

« Consistency within a band system
— v, band to investigate consistency for H,0O

« Consistency between bands
— v, and v; bands to investigate consistency for CO,

« Consistency between species
— TES: temperature from O; and H,O consistent with CO,; N,O

« Consistency between instruments

- IASI - TES - NAST-I
- AIRS - MIPAS - AERI
- ACE - SHIS
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Collaborators for IASI Case

« Collaborators:
— M. Shephard, V. Payne, K. Cady-Pereira and J. Delamere AER, Inc.
— W. Smith and S. Kireev Hampton U.

— Extension of

Performance of the line-by-line radiative transfer model (LBLRTM) for temperature and
species retrievals: 1ASI case studies from JAIVEX: M. W. Shephard, S. A. Clough, V. H.
Payne, W. L. Smith, S. Kireev, and K. E. Cady-Pereira, Atmos. Chem. Phys., 9, 7397-7417, 2009

« |ASI Cases from JAIVEX
— 2007_04 19 Case Study

» Over SGP site (surface emissivity retrieved)
» Atmosphere

* Clear and Homogeneous (h20)

* ‘Well Characterized’

— 2007_04 20 ‘Control’

» Over Gulf of Mexico”

» Atmosphere
* Broken Clouds and Highly Inhomogeneous (h20)
* Not So Well Characterized

|
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Topics / Issues

o Temperature

— Carbon Dioxide

» Line Parameters: CDDB (2008), Tashkun et al. JQSRT, 2009
» Line Coupling: Niro et al., JQSRT, 2005 J.M.Hartmann

v Agreement between CO, v, and CO, v,

v" Q-Branch 667 cm-1

v' Band Head 2385 cm-1

— Nitrous Oxide

? Agreement between CO, v, and N,O v,
» N,O profile scaling required: 19 April case: 1.04
20 April case: 1.02

« Methane
v" Line Coupling: Tran et al., JQSRT, 2006 J.M.Hartmann

Water Vapor

* Deserves a slide of its own
o Significant improvements but ...

15



Scan Rate
Scan Type
Pixel IFOV

Sampling at Nadir

Earth View Pixels / Scan
Swath

Swath

Spectral Range

Lifetime
Power
Size
Mass
Data rate

Introduction

8 secs
Step and dwell
0.8225°

18 km

2 rows of 60 pixels each
+ 48.98°

+ 1066 km

645 to 2760 cm-1

5 years

210 W
12mx1.1mx1.3m
236 kg

1.5 Mbps

Joint Airborne IASI Validation Experiment

JAIVEx 19 Apr 2007
CART-site (03:35 UTC)

» The IASI programme is led by
+ Centre National d'Etudes Spatiales (CNES) in association with EUMETSAT.

« Alcatel Alenia Space is the instrument Prime Contractor.
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IASI/LBLRTM Validation

ARM SOUTHERN GREAT PLAINS (SGP) 04/19/2007 ALL

300
280

(a) IASI Observations

260

| AS|

240

Bright. Temp. (K)

N N
e N
(= =)

T

SONDE
o = N W

(|;) IASI - l;BLRITM(S.ON[.)E) |

N Wl N A

—

RETV
T, Residuals (K)
o

-3 . . . 1

1.7 prec. cm H,0

3499 DU O,

" " " T x x x x I : : . . T " "
(c) IASI - LBLRTM(RETV: TEMP EMISS H20 O3 CH4 CO N20 OCS HNO3)

III|III LI III|III lllIIll 111 lllllllllll IIlIIlIlllIIIllIIII

1000

Strategy: to analyze the spectroscopy in the context of these red residuals

1500
Wavenumber (cm™)

2000

2500

Tsfc:
284.323 K

17



Temperature

Prof Difference betwee
Retrieval and Soni
10 10
»—/—|
{ 1 l[ |I
// 1/
. / 7'
S 1 — Sonde = i
E f —— Retrieved S ,1
» 1004—4 ® 100
a ) 1 |
o a
\ I 1
N ,
\\‘ '_.T‘ |
i
——
e — 1
1000 [ bbb bbb b b 1000 +——~t—-F—FAd—-—~F—
200 220 240 260 280 1 0 1

Temperature (K) Difference from Sonde (K)
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Brightness Temperature (K}

IASI 19 Apr 2007 CO, Q-Branch
Sensitivity to Upper Stratosphere

260

250

240 r \ — tashkun Q_cpl "1.2 strat_mod
/ \ — IASI

A

ENVANSAIRVYINY,
\/ X/

210 1

M\_‘ﬂ\ /-\./\ £ IR
QQD_LA, f\‘--fﬁ gl E tashkun
U = tashkun |n_cpl *1.2
7y — tashkun In_cpl *1.2 strat_mod
190 1<
180

660 662 664 666 668 670 G672 674 676
Wavenumber (cm-1)
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Voigt Parameter and Q Branch Monochromatic Spectrum

—— Monochromatic
& |ASI
270 w— |AS]_interpolated
ﬂm -y A.v.ﬂ B A —fi A 1
TV ﬂ\/ v \ / |
E 280 .J.,-'-"'""“'-'__ : .
o | A
= r.-ﬁ""v# !l
® 240 |
@
o
5
% g e
W
@
= le}/
.iE:‘-' — Stratopause
m 220 — Highest Altitude
— Tropopause
210
200
667.25 667.5 667.75
Wavenumber

20

FPressure (mb)

0.01

0.1

—
=

100

1000

e
QT Qo
I T
— 1 cm-1
— BET cm-1
—  2350.cm-1

S

i
B

0.2

0.4 0.6 0.8 1
Voigt Parameter: Zeta




Ln
m
E=

JE-4

1E-4

0E+0

Symmetrized Power Spectral Density Function

-1E-4

1E-3

1E-4

1E-5

1E-6

1E-7

1E-8

1E-8

1E-10

1E-11

Symmetrized Power Spectral Density Function

1E12

1E-13

Effect of Line Coupling on CO, Continuum

4E-4 -

2E-4 -

I

A

— |- Impact
—— C: Couple Component

— [+C: Total Couple

500

1000

1500

3000

7S

]

[ —

\

""I-u..__“h-

V)

-

500

1000

1500
Wavenumber

{cm-1)
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Radiance (W/m2/sricm-1)

v3 Bands of
N,O and CO,

2150 - 2500 cm-

1.5E-7

1.0E-7 4

Radiance (W/m2/sriem-1)

19 April SGP

— LBL_CRA
— |ASI

LBL CRA_cntnm

T
5.0E-8
0.0E+0
T —— |ASI-rev 4
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. 6]
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|
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CO, Line Coupling

Line Parameters:
— P, Q, & R line coupling for bands of importance

— Niro, F., K. Jucks, J.-M. Hartmann, Spectra calculations in central and wing regions of CO2 IR bands. IV :

Software and database for the computation of atmospheric spectra: J Quant Spectrosc Radiat Transfer., 95, 469-481.

— Niro et al. code modified to generate first order line coupling coefficients, y;.

— Works in regular line by line mode with LBLRTM

— Temperatures: 4 Chi Factor
LireGupling - [urationd Gillision
Gyl BronBredd esdn v3ed

Line Shape:
— Impact Approximation
— Duration of collision effects under study ]
1.0 —

, R \
Continuum: 1\ \ /
0.8 x \

1.2

Impact - This Work

< Clough etal, 1978 ||
— Band head: 2385 cm-1 2 N _
5 1 — . — Cousin (a) N2 296K
c 1 N i
Lf 0.6+ Cousin (c) N2 238K
— 1 Cousin (a) 02 296
6 ] \ Cousi 02 238
04 Line Coupling —== Cosn®
] ~
0.2 N - “’\.
J \%
oo — — ——
0 5 10 15 20 25

Wavenumber from Line Center  (cm-1)
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(K)

Brightness Temperature

(K)

IASI - LBL

Line Coupling in Methane

Tran et al., JOQSRT, 2006

290,
2Eﬂ: — LBL_CRA_cntnm
270 L — LBL_CRAWV1.0
: — 1ASI
260 ]
2503
240
23cr§
220 ] Ave: 0.035 K
] Std: 0.250 K
2104 + + + + + 3 + # + + - + ' + .
1250 1270 1290 11310 1330 1350 Ave:-0.019 K
Wavenumber {cm-1) Std: 0.145 K
12 : .
CF,: h
B — |AS] -rev 4
0 | f — Residuals due to CF4
— IASI - LBL_CRAV1.0
=

1250 1260 1270

1280

1290 1300 1310
Wavenumber {cm-1)
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Water Vapor: ‘The Most Important Greenhouse Gas’
Critical for NWP and Climate

« Line Strengths
— Laurent Coudert

» Strong Lines: Intensities increased by ~ 5 %

e Line Widths and Shifts
— Bob Gamache &

— this paper

« Line Coupling
— Linda Brown (accidental two line resonances)
— Revised relaxation rates
— First Order

e Continuum
— Inextricably linked to the width
— mt_ckd 2.4 >> 2.5 (water only)
— Scaled in selected regions of the water band by ~5%

|
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AERI Downwelling Radiances |
ARM NSA Site PWV: 1.866 mm

— Coudert_Incpl_sac

— continuurm

—— AERI_ex Radiance

ViU

FUATIRL

380 400 420 440 460 450 500 520 540 560 580 600
— aeri - Coudert

—— aeri - Coudert_gamache

—— aeri - Coudert_Incpl_sac

— aer v2.1 - Coudert
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AERI - LBLRTM [RU]

AERI Downwelling Radiances Il
ARM NSA Site

Line Coupling

—— AER| ex Hadiance

\ /80

400

405 410 415
Wavenumber (cm-1)

27
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425

I
o
=

100

— 1.10 x Contunuum

—  GamacheM™ITRAMN Width

ER Radiance [RU]

- Line Coupling

,_

I
=
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AERI Downwelling Radiances lll
ARM NSA Site PWV: 1.866 mm

——  continuurm

—— Coudert_Incpl_sac

—— AERI_ex Radiance

100

anwﬁ [“i'ﬂ i ﬂmﬂ]ﬂ .M ’FII

24

Il 20

{111

NSRS "

0

380 400 420 440 460 480 500 520 540 560 580 600
aeri - HITRANZ2K

aeri - Coudert_gamache

— aeri - Coudert_Incpl_sac

— aer_va.1 - Coudert
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Bright. Temp. (K)

T, Residuals (K)

300
280

260
240
220
200

Water Vapor v, Region :

ARM SOUTHERN GREAT PLAINS (SGP) 04/19!2007 ALL

(a) IASI Observations

(b) IASI - LBLHTM(SdN DE)

STD :

(c) 1ASI - LBLRTM(RETV: HITRAN2004(HIT 06)) 81D

L O
III|III é

1 .7 prec.cm H,0 349 9 DU O,

0.29
-0.018

wwww\%WWWWWWWMWWWWWF‘

STD :
MEAN :

(d) 1ASI - LBLRTM(RETV: COUDERT)
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-0.017

1400 1600 1800

Wavenumber (cm)
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Impact of Coudert Intensities
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50 | | | |
\ Scaled to pwave
\ | radiometer
é\ \
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100 \\\
\\\\\
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: D
% |
g Dz
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% Difference from Sonde




Brightness Temperature (K}

(K)

- LBL _CRA

1ASI

Water Vapor P-Branch: 1310 -1410 cm-1

280

280

270+

260

2504

240

2304

220+

210 : t i I

|||||||||||||| Il
T

1310 1320 1330 1340 1350 1360 1370 1380 1390
Wavenumber (cm-1)

30

1400 1410

— LBL_CRA_cntnm
— LBL_CRA_v1.0
— IASI

Widths modified

Ave: 0.173 K

Std: 0.225 K

Ave: 0.044 K

Std: 0.183 K
— 1ASI - revd

— |AS| - LBL_CRA_v1.0




Brightness Temperature (K}

: (K)

-LBL CRA

1ASI

Water Vapor P-Branch: 1400 -1500 cm-1

290
L — — LBL_CRA_cntnm
| ! |- — LBL_CRA_v1.0
27041~ T — IASI
260
Widths and Continuum
250 ﬂ — Nu modified
240 u \
Ave: 0.372 K
. UU Std: 0.242 K
220 - ~ Ave: 0.008 K
210 | | | | | Std: 0.190 K
— IASI - reva

— |AS| - LBL_CRA_vi.0

T I IR NN NN NN NN NN TN (NN TN TN TN TN NN N NN NN TN NN TGN [N N NN TN SO NN CHN T TN |
T Ty ATTTTrArT_—_TrTr&@OoTTTTTTTt

1400 1410 1420 1430 1440 1450 1460 1470 1480 1480 1500
Wavenumber (cm-1)
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Brightness Temperature (K)

-LBL_CRA (K)

1ASI

Water Vapor Band Center: 1530 -1630 cm-1

290
280 —— LBL_CRA_cntnm
— LBL_CRA v1.0
2704+——1— —ir — IASI
260
Widths and Continuum
2504t — modified
240
- 1 | _ v \l Ave:-0.047 K
Std: 0.267 K
ARe- Ave: 0.007 K
210 | | | | | Std: 0.219 K
— |ASI] - revd
— |ASI|-LBL_CRA_v1.0

1530 1540 1550 1560 1570 1580 1590 1600 1610 1620 1630
Wavenumber (cm-1)
Line Coupling
1540 cm-1
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Brightness Temperature (K)

- LBL_CRA (K)

1ASI

280

Water Vapor R-Branch: 1640 -1750 cm-1

280

270+

260

2504

240

2304
220+

210

A4

1640

Line Coupling
1653 cm-1

1660

1680 1700 1720 1740

Wavenumber (cm-1)
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Brightness Temperature (K)

Overall Comparison of LBL_CRA with IASI
19 Apr 2007 SGP case

290
8 ™, A_
270 | m

260 1\ || —— |bl_cra_cntnm

250 — |bl_cra

240 — |ASI]

23041
I

220 - 2

210 ' H1

200 0
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190- . | | 1

BT Residuals (K)

180 : : . -2
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Wavenumber (cm-1)
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Summary -1

Temperature

— Carbon Dioxide

» Line Parameters: Tashkun et al. JQSRT, 2009
» Line Coupling:

e Niro et al., JQSRT, 2005 J.M.Hartmann

e Q-Branch 667 cm-1: Niro *1.2

» Band Head 2385cm-1 Robust for 19 April and 20 April (low water cases)

. Line Coupling > Continuum
» Good agreement between CO, v, and CO, v,

— Nitrous Oxide
» Agreement between CO, v, and N,O v;/ CO, v,

»

»

Methane

» Residuals significantly reduced with line coupling: Tran * 1.5
. Tran et al., JQSRT, 2006 J.M.Hartmann




Summary - 2

Water Vapor
(nothing more)
» Coudert strengths
- Residuals unchanged; retrieved water in upper trop reduced 10%
» Widths are the current major issue
- Gamache widths: 350 - 1600 cm-1
- Widths of a series of weak high J low Ka P-Branch lines reduced by ~50%

>

v

Three coupled lines observed so far (accidental line resonances)

>

v

P-Branch has much lower residuals than R-Branch. Why ???

- Gamache Widths ???

>

v

19 April 2007 case is superb for FM improvement

>

v

Due to the resolution of IASI there is a limit to the spectroscopic

improvements that can be achieved




Summary - 3

o Next Steps

— Resolve R-Branch Issues for water vapor
— More Cases

— Night time with high water

— Day time cases for impact of NLTE on 720 cm-1 Q-Branch
— Line Shape issues are the dominant problem

— Spectroscopy needs greater support to take full advantage of the data

(said in not quite all modesty?)
10 years ago | wouldn’t have envisioned that we would be modeling at this level




Line Coupling: Accidental Line Resonances
400 cm-1 Tony Clough

11 398.976493 5.556D-20 2. 283E+01.0360. 3283 1411.61150.29-.000910 1 1 9 7 2 8 6 3 5552433 5
11 400.221796 1.070D-20 4. 643E+00.0791.3009 1216.23130.710.004940 1 110 4 6 9 37 5552433-1
1 1.456529E-01 1.365260E-01 1.300000E- 01 1.248789E-01 -1
11 400.481057 1.071D-20 1.636E+01.0510. 3009 1474. 98080. 30-. 000770 1 110 6 4 955 5552433-1
1-2.671053E-01 -1.725650E-01 -1.303796E-01 -1.064366E-01 -1
11 1337.897589 9.576D-23 5. 903E+00. 0261. 1905 1806. 67180. 05-.000970 2 112 012 13 113 3556443 0

Y: 200K 250K 296K 340K

1540 cm-1 Linda Brown

11 1539. 060760 2.255D-19 1.153E+01. 1053. 4643 79.49640. 79-. 004100 2 1

101 212 3555433-1
1 1.098843E-02 1. 048538E-02

1.012000E-02 9.829722E-03 -1

11 1540. 299806 1.767D-19 7.175E+00. 0971.5173 136.76170.79-.000020 2 1

212 303 3577443-1
1-1.604015E-02 -1.409560E-02 -1.292537E-02

-1.211058E-02 -1

1630 cm-1 Linda Brown

11 1539. 060760 2.255D-19 1.153E+01. 1053. 4643 79.49640.79-.004100 2 1 1 01 212 3555433-1

1 1.098843E-02 1.048538E-02 1.012000E-02 9. 829722E-03 -1
11 1540. 299806 1.767D-19 7. 175E+00.0971.5173 136.76170.79-.000020 2 1 2 1 2 303 3577443-1
1-1.604015E-02 -1.409560E-02 -1.292537E-02 -1.211058E-02 -1
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