Synchrotron-based High Resolution Far-infrared
Spectroscopy of trans-butadiene

Marie-Aline Martin-Drumel!, Jessica P. Porterfield?, Manuel Goubet?, Pierre Asselin*, Robert
Georges°, Pascale Soulard*, Matthew Nava®, P. Bryan Changala’, Brant Billinghurst®, Olivier
Pirali', Michael C. McCarthy?, and Joshua Baraban’

!institut des Sciences Moléculaires d’Orsay (ISMO), CNRS, Univ. Paris-Sud, Université Paris-Saclay, F-91405 Orsay, France

2 Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachusetts 02138, United States

3 Université Lille, CNRS, UMR 8523-PhLAM-Physique des Lasers, Atomes et Molécules, F-59000 Lille, France

4Sorbonne Universités, UPMC Univ Paris 06, UMR 8233, MONARIS, F-75005 Paris, France & CNRS, UMR 8233, MONARIS, F-75005 Paris, France
3 Institut de Physique de Rennes, CNRS, UMR 6251, Université de Rennes 1, F-35042 Rennes, France

6 Department of Chemistry, Harvard University, Cambridge, MA 02138, United States

TJILA, University of Colorado, Boulder, CO 80309, United States

8 Canadian Light Source, University of Saskatchewan, Canada

9 Department of Chemistry, Ben-Gurion University of the Negev Beer-Sheva 8410501, Israel

Contact corresponding author(s): marie-aline.martin @universite-paris-saclay.fr

ELECTRONIC SUPPORTING INFORMATION

CONTENTS LIST OF FIGURES
S1 Calibrationplots. . . . . .. ... .. .....
1 Supplementary figures S2 S2  Experimental Jet-AILES spectra and compari-
son with PGOPHER simulations . . . . . . ..
2 Supplementary tables S4
3 Lists of assigned transitions S7 LIST OF TABLES
A vgband Lo S7 S1  Calculated band centers and intensities . . . . .
A.l Assigned and fitted transitions on the S2  Predicted rotational constants in the vibrational
room temperature spectrum . . . . . . 87 states of interest for this study and comparison
B wviband .. ... S7 with experimental values . . . . ... ... ..
B.1 Assigned and fitted transitions from the S3  Rotational constants and band centers for buta-
Jet-AILES spectrum . . .. ... ... S7 diene after the global fit performed in this work
B.2 Additional lines assigned in the Jet- S4  Transitions from the literature for which the
AILES spectrum (unfitted) . . . . . . . S8 estimated uncertainty was increased . . . . . .
B.3 Assigned transitions in the warm CLS
spectrum (unfitted) . . . . .. ... .. S9

S4

S5

S1/S10


mailto:marie-aline.martin@universite-paris-saclay.fr

1. SUPPLEMENTARY FIGURES
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Fig. S1. Calibration plots for the warm spectrum recorded at CLS (top trace), the room temperature one recorded at SOLEIL (middle
trace), and the cold spectrum recorded using the Jet-AILES apparatus at SOLEIL (bottom trace). Each dot represent the value of
Ttexp — llyer, Where exp refers to the experimental wavenumber and ref the accurate wavenumber used for calibration (see main
text for information on reference molecules), before (in blue) and after (in red) calibration. The green lines are the calibration lines
whose parameters were used to calibrate the experimental spectra. The residuals after calibration is an indication of the wavenumber
accuracy one can expect from the experimental data.
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Fig. S2. Experimental Jet-AILES spectra recorded with 0, 5, 10, 20, and 30 slm of He seeded in 2 slm of butadiene (from top to
bottom, colored traced) and comparison with PGOPHER [1] simulations at temperatures of 150, 100, 70, 50, and 40 K, respectively
(black traces)
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2. SUPPLEMENTARY TABLES

Table S1.

Calculated band centers determined at the CCSD(T)/ANOI1 (“Harmonic”), hybrid harmonic/anharmonic

CCSD(T)/ANO1//CCSD(T)/ANOO (“‘Anharmonic”), and VPT2+K (“GUINEA”) levels of theory [2]. Intensities calculated at
the harmonic CCSD(T)/ANO1 level.

v Symmetry

Frequency / cm ™!

IR intensity / km - mol~!

Harmonic Anharmonic GUINEA Harmonic GUINEA
13 ay, 164.7543 158.1349 0.47
24 by 289.6453 290.9936 2.16
9 ag 509.4167 504.6210 0.00
12 ay, 533.9530 516.9960 11.76
16 bg 766.0941 738.7697 0.00
8 ag 895.6995 878.9920 0.00
11 ay, 923.2770 884.8401 72.09
15 bg 925.1164 889.9208 0.00
14 bg 988.8452 956.5181 0.00
23 by 994.7242 977.3987 1.24
10 ay 1042.5074 1014.1572 1012.2453 36.11 28.79
7 ag 1222.3291 1194.5204 0.00
6 ag 1307.8309 1285.3375 0.00
22 by 1310.7191 1284.7354 2.09
21 by, 1408.7609 1369.7341 4.00
5 ag 1473.3658 1428.5660 0.00
20 by 1633.5237 1586.8279 14.39
4 ag 1695.4519 1651.6894 0.00
3 ag 3144.9188 2941.0555 0.00
19 by 3147.1063 3038.2044 13.43
2 ag 3156.4329 3041.4562 0.00
18 by 3162.1996 3030.8058 10.50
1 ag 3241.3186 3105.6929 0.00
17 by 3241.5700 3106.5926 19.48
9+12 ay 1034.4503 0.22

Table S2. Predicted rotational constants (in cm™!) in the vibrational states of interest for this study and comparison with experimental

values. Predicted values for the v; = 1 state have been obtained using the scaling formula Bjcaic. = Bicale. X Boexp. / Bocalc.

vi=1 AD initio? Scaled Experimental &b
i A B c A B c A B c 84 Sz 5c
0 1.3674 0.1445 0.1307 - - - 1.3904 0.1479  0.1337
10 1.3720  0.1435 0.1307 1.3950 0.1469 0.1337 1.3870 0.1495 0.1338 058 -1.75 -0.11
24 1.3233  0.1443  0.1307 1.3455 0.1478 0.1338 1.4316 0.1480 0.1336 -6.02 -0.13 0.11
9+12 13685 0.1446 0.1308 1.3915 0.1480 0.1338

4 CCSD(T)/ANOO VPT?2 (harmonic)
b & — Bieo.—Biscatea

B; scaled

x 100, in %

S4/S10



(SSopIuN) UOTBIASP PIEPUE)S Paonpay , pariodar are sanfeA aje)s punois Ay 21yM  [eIOL,, Utun[od ay) ur 3daoxa senfea apess 1oddp)
(3x9) 995 ‘suonIsueI) pauSISSe JO JIqUINU ) WOIJ IJIP AW JOqUINU SIY}) 1 9Y) U PAISPISU0D (#) serouanbaiy JuaIejIp Jo roquinu pue (A7) SoUIf Jo Iaquiny] ,,

10'1 €L0 0S'1 0N 01 80°1 vS'1 9I'1 >0
Z0£00°0 0L000°0 $L0000 7€000°0 1200070 1100070 €€000°0 010070 |- Wo/ suur
9Ll v 18 L9 01 ‘TL L1 TL 81 ‘L8 0l ‘0L 81 ‘88 g YTy xewp
(SLD) SLT (#0€) 11€ (T99) 9L (9L02)1802 (9082) 8£8¢ (€561) 0¥8T (89%1) 01S1 (b¥16) 61901 o(U)N

LIA 0ZA 0lA 1A [4y\ YA [AVY [e10L
(61)010%— 701x¥7
(€1)vepr (0€)sst's OTXYH
(S1)¥S0€°0 G01 Xy
(0L)$86'9— 01 XIH
[-] [-] [-] [-] [-] (L2)0L0S0— (09)++81°0 (57)8881°0— OIXP
[] [] [] (96)TSTE €~ (08)sSSS €~ (1L)LT6S €~ (€1)6St¢— ($9)6885 € — QOIX 1P
[-] (] (z8)15°€S (86)€861°C (€n)TsyiL (65)L8S6'1T (1L)86€1'S— (zr)er6zL 01 x¥q
[-] (62)6Sv— (LS)161°6— (62)LL80T0—  (81)zLosT0o—  (L1)69s¥T0—  (L2)9v6vTo—  (L1)6S8ET0— 01 XY
[-] (€1)¥820°0 (21)0LY00 (11)¥2T6T00  (96)0L¥8820°0  (06)€8TILTO0 (11)620€00  (16)60SL820°0 01x/@
(0S)7€8SEET'0  (TE)LLYEEET'O  (89)TILTVEET'O  (6L)EEYSTLEET'O (89)8TOB0LEET'0 (S9)TTO9T9EET 0 (08)ISSSITHET'0  (¥9)LOTHEIEET 0 0
(T8)E169LP1°0  (SP)968ELYT'0  (PL)TLSTS6YT'0  (08)T068ELLYT'0 (99)THOLYLLYTO  (€9)€9L096LYT°0 (LL)9S6196L¥1°0 (T9)669SS8SLYT 0O q
(8T)8T6LSE'T (T1)09T6€'1 (S1)99698¢'T  (S6)S889789¢°T  (S¥)69€2068¢'T  (SS)9L0€9TEH T (LL)SYLLLYYE T — (£4)9€T8E06E T 14
(62)LT2€9°001€  (88)€09t796ST  (99)29689€° €101 (91)8961L0°806 (16)TISSELS VTS (29)1SHET60°L6T  (T1)E9P61H7T91 q
1 =Ll [ = 02 [ =0la 1=1a I1=7<la 1 =" 1=¢l o=a jueSuo0))

"JI31p pejonb 3se] 9y} JO SITUN UL UOTIBIASP PIEPUR)S QUO oIk sisayjuared ur sroquunN
‘pazodal os[e a1e 1 oY) 0} s1ajowered JUBAJ[IY "soneAa SO Ay} 0} paxy sidjowered jeoipur sjoyoelg “vea pue 0IA ul sjuawuFIsse mau pue (spueq LA pue ‘04 ‘TIA ‘TIA “€1A)
©IEp QINJEINI] S[qR[IBAR 3Y) [[€ JO UOHONPAI § SY) UT JYAI HOM SIY} Ul pauiogrdd 1y [8qo[3 Y Jajje dudrpeing Jo (| _Wwod Ur) SI3UID Pueq pue SJUEISUOD [EUONEIOY €S d|qel

S5/S10



Table S4. Transitions from the literature for which the estimated uncertainty was increased. The value used in this work is reported
in the “Unc.” column. Reference to the experimental measurement is also indicated.

Band J K, K. J' K/ K/ Freq. Unc. Ref.
viz 48 6 42 49 7 42 131.502667 0.002 [3]
viz 35 3 32 35 2 34 171.462708 0.002  [3]
Vi3 7 6 1 6 5 1 176.513082 0.002  [3]
viz 29 5 25 28 4 25 180.853477 0.002  [3]
viz 30 5 26 29 4 26 181.143133  0.002  [3]
viz 63 9 54 62 8 54 198520900 0.002 [3]
vip 30 0 30 31 I 30 509.759518 0.002 [3]
vip 33 3 31 32 2 31 541.217248 0.002  [3]
vip 58 5 53 57 4 53 549323537 0.002 [3]
vip 56 12 44 55 11 44  568.615349 0.002 [3]
Vi1 65 4 62 66 5 62 876.337884 0.003  [4]
vim 48 0 48 47 1 46  909.847553 0.003 [4]
vii 44 0 44 43 1 42 909.920503 0.003 [4]
Voo 37 3 35 36 3 34 1606.419508  0.07 [4]
Voo 38 3 36 37 3 35 1606.679400  0.07 [4]
Vo 39 3 37 38 3 36 1606.939468 0.07 [4]
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3. LISTS OF ASSIGNED TRANSITIONS

All lists are reproduced in the following format:
J' K K. J" K! K wavenumber uncertainty
(wavenumber and uncertainty in cm ™)
Below are reported the first 100 lines of each list (by fre-
quency order), the full lists are reported as electronic files.

A. v,4 band
A.1. Assigned and fitted transitions on the room temperature
spectrum

The full list can be found in the file
trans_butadiene_lin.txt where vy = 1 is coded at
y=>5.

87 1 86 88 1 87 273.381097 0.0001
87 3 84 88 3 85 273.587850 0.0001
86 1 85 87 1 86 273.649241 0.0001
86 3 83 87 3 84 273.840097 0.0001
85 1 84 86 1 85 273.917131 0.0001
85 3 82 86 3 83 274.091812 0.0001
84 1 83 85 1 84 274.185065 0.0001
84 3 81 85 3 82 274.343286 0.0001
83 1 82 84 1 83 274.453095 0.0001
83 3 80 84 3 81 274.594412 0.0001
82 1 81 83 1 82 274.720822 0.0001
82 2 80 83 2 81 274.836181 0.0001
82 3 79 83 3 80 274.844949 0.0001
81 1 80 82 1 81 274.988684 0.0001
81 3 78 82 3 179 275.095212 0.0001
81 2 79 82 2 80 275.096833 0.0001
80 1 79 81 1 80 275.256329 0.0001
80 3 77 81 3 78 275.344857 0.0001
80 2 78 81 2 79 275.357385 0.0001
79 1 78 80 1 79 275.524066 0.0001
79 3 76 80 3 77 275.593907 0.0001
79 277 80 2 78 275.618045 0.0001
78 177 79 178 275.791637 0.0001
78 375 79 3 76 275.842199 0.0001
78 2 76 79 2 77 275.878435 0.0001
77 1 76 78 1 77 276.059155 0.0001
77 3 74 78 375 276.090261 0.0001
77275 78 2 76 276.138788 0.0001
76 1 75 77 1 76 276.326538 0.0001
76 3 73 77 3 74 276.337707 0.0001
76 2 74 77 275 276.398775 0.0001
75 3 72 76 3 73 276.584181 0.0001
75 273 76 2 74 276.658563 0.0001
74 3 71 75 3 72 276.830003 0.0001
74 2 72 75 2 73 276.918388 0.0001
73 370 74 371 277.075368 0.0001
73 271 74 2 72 277.177864 0.0001
72 3 69 73 370 277.319876 0.0001
72 2170 73 271 277.437073 0.0001
71 3 68 72 3 69 277.564034 0.0001
71 1 70 72 171 277.662227 0.0001
71 2 69 72 270 277.696161 0.0001
70 3 67 71 3 68 277.807638 0.0001
84 11 73 85 11 74 277.922049 0.0001
70 1 69 71 1 70 277.929348 0.0001
70 2 68 71 2 69 277.954923 0.0001
69 3 66 70 3 67 278.050611 0.0001
69 1 68 70 1 69 278.196057 0.0001
83 11 72 84 11 73 278.204331 0.0001
69 2 67 70 2 68 278.213303 0.0001
68 3 65 69 3 66 278.293448 0.0001
68 1 67 69 1 68 278.462838 0.0001
68 2 66 69 2 67 278.471504 0.0001
82 11 71 83 11 72 278.486327 0.0001
67 3 64 68 3 65 278.536039 0.0001
67 1 66 68 1 67 278.729378 0.0001
67 2 65 68 2 66 278.729378 0.0001
81 11 70 82 11 71 278.768557 0.0001
66 3 63 67 3 64 278.778484 0.0001
66 2 64 67 2 65 278.986606 0.0001
66 1 65 67 1 66 278.995958 0.0001
65 3 62 66 3 63 279.021110 0.0001
80 11 69 81 11 70 279.050755 0.0001
65 2 63 66 2 64 279.243568 0.0001

65 1 64 66 1 65 279.262310 0.0001
79 11 68 80 11 69 279.332789 0.0001
64 2 62 65 2 63 279.500145 0.0001
63 3 60 64 3 61 279.508204 0.0001
64 1 63 65 1 64 279.528605 0.0001
78 11 67 79 11 68 279.614955 0.0001
62 3 59 63 3 60 279.752810 0.0001
63 2 6l 64 2 62 279.756200 0.0001
63 1 62 64 1 63 279.794717 0.0001
77 11 66 78 11 67 279.896906 0.0001
61 3 58 62 3 59 279.998654 0.0001
62 2 60 63 2 61 280.011813 0.0001
62 1 61 63 1 62 280.060712 0.0001
76 11 65 77 11 66 280.179226 0.0001
60 3 57 61 3 58 280.245841 0.0001
61 2 59 62 2 60 280.266794 0.0001
61 1 60 62 1 61 280.326592 0.0001
59 3 56 60 3 57 280.494620 0.0001
60 2 58 61 2 59 280.521376 0.0001
60 1 59 61 1 60 280.592208 0.0001
74 11 63 75 11 64 280.743499 0.0001
58 3 55 59 3 56 280.745272 0.0001
59 2 57 60 2 58 280.775360 0.0001
59 1 58 60 1 59 280.857797 0.0001
57 3 54 58 3 55 280.997871 0.0001
73 11 62 74 11 63 281.025208 0.0001
58 2 56 59 2 57 281.028820 0.0001
58 1 57 59 1 58 281.123188 0.0001
56 3 53 57 3 54 281.252655 0.0001
57 2 55 58 2 56 281.281772 0.0001
72 11 61 73 11 62 281.307384 0.0001
57 1 56 58 1 57 281.388315 0.0001
55 3 52 56 3 53 281.509816 0.0001
56 2 54 57 2 55 281.534267 0.0001
71 11 60 72 11 61 281.589284 0.0001
56 1 55 57 1 56 281.653146 0.0001
B. v;o band
B.1. Assigned and fitted transitions from the Jet-AILES spec-
trum

The full list can be found in the file
trans_butadiene_lin.txt where vip = 1 is coded at
y=06.

11 7 4 12 8 4 991.253455 0.0005
11 7 5 12 8 5 991.253455 0.0005
18 6 12 19 7 12 992.110766 0.0005
18 6 13 19 7 13 992.110766 0.0005
17 6 11 18 7 11 992.339372 0.0005
17 6 12 18 7 12 992.339372 0.0005
15 6 9 e 7 9 992.804081 0.0005
15 6 10 16 7 10 992.804081 0.0005
14 6 8 15 7 8 993.041078 0.0005
14 6 9 5 7 9 993.041078 0.0005
13 6 7 14 7 7 993.279740 0.0005
13 6 8 14 7 8 993.279740 0.0005
12 6 6 13 7 6 993.521450 0.0005
12 6 7 3 7 7 993.521450 0.0005
11 6 5 12 7 5 993.765834 0.0005
11 6 6 12 7 6 993.765834 0.0005
21 5 16 22 6 16 993.882154 0.0005
21 5 17 22 6 17 993.882154 0.0005
10 6 4 11 7 4 994.013307 0.0005
10 6 5 11 7 5 994.013307 0.0005
20 5 15 21 6 15 994.111527 0.0005
20 5 16 21 6 16 994.111527 0.0005

9 6 3 0 7 3 994.263384 0.0005

9 6 4 10 7 4 994.263384 0.0005
19 5 14 20 6 14 994.344398 0.0005
19 5 15 20 6 15 994.344398 0.0005

8 6 2 9 17 2 994.516495 0.0005

8 6 3 9 7 3 994.516495 0.0005
18 5 13 19 6 13 994.579972 0.0005
18 5 14 19 6 14 994.579972 0.0005

7 6 1 8 7 1 994.772359 0.0005

7 6 2 8 7 2 994.772359 0.0005
17 5 12 18 6 12 994.816881 0.0005
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17 5 13 18 6 13 994.
6 6 0 7 7 0 995.
6 6 1 707 1 995.

16 5 11 17 6 11 995.

16 5 12 17 6 12 995.

15 5 10 16 6 10 995.

15 5 11 16 6 11 995.

14 5 9 15 6 9 995.

14 5 10 15 6 10 995.

13 5 8 14 6 8 995

13 5 9 14 6 9 995.

12 5 7 13 6 7 996.

12 5 8 13 6 8 996.

11 5 6 12 6 6 996.

11 5 7 12 6 7 996.

10 5 5 11 6 5 996.

10 5 6 11 6 6 996.
9 5 4 10 6 4 996.
9 5 5 10 6 5 996.
8 5 3 9 6 3 997.
8 5 4 9 6 4 997.
7 5 2 8 6 2 997.
7 5 3 8 6 3 997.
6 5 1 7 6 1 997.
6 5 2 7 6 2 997.
5 5 0 6 6 0 997.
5 5 1 6 6 1 997.

11 4 7 12 5 7 998.

11 4 8 12 5 8 998.

10 4 6 11 5 6 999.

10 4 7 11 5 7 999.
9 4 5 10 5 5 999.
9 4 6 10 5 6 999.
8 4 4 9 5 4 999.
8 4 5 9 5 5 999.
9 5 4 9 6 4 999.
9 5 5 9 6 3 999.

18 3 15 19 4 15 999.

10 5 5 10 6 5 999.

10 5 6 10 6 4 999.

11 5 6 11 6 6 999.

11 5 7 11 6 5 999.

12 5 7 12 6 7 999.

12 5 8 12 6 6 999.

13 5 8 13 6 8 999.

13 5 9 13 6 7 999.

15 5 10 15 6 10 999.

15 5 11 15 6 9 999.

16 5 11 16 6 11 999.

16 5 12 16 6 10 999.
7 4 3 8 5 3 999.
7 4 4 8 5 4 999.

17 3 14 18 4 14 999.

17 5 12 17 6 12 999.

17 5 13 17 6 11 999.

18 5 13 18 6 13 999.

18 5 14 18 6 12 999.

19 5 14 19 6 14 999.

19 5 15 19 6 13 999.

20 5 15 20 6 15 1000.

20 5 16 20 6 14 1000.

16 3 13 17 4 13 1000.
6 4 2 7 5 2 1000.
6 4 3 7 5 3 1000.

15 3 13 16 4 13 1000.
5 4 1 6 5 1 1000.
5 4 2 6 5 2 1000.

B.2. Additional lines assigned in the Jet-AILES spectrum (un-

fitted)

The full list of transitions excluded from the fit is reported here

in the following format:
J K K. J" K! K!' wavenumber uncertainty
(wavenumber and uncertainty in cm™!)

14 7 7 15 8 7 990.
14 7 8 15 8 8 990.
12 7 5 13 8 5 991.

816881
031393
031393
056420
056420
298486
298486
542415
542415

.789088

789088
038005
038005
289015
289015
543367
543367
799269
799269
058117
058117
319480
319480
583082
583082
849521
849521
811822
811822
069676
069676
329570
329570
591535
591535
616063
616063
628566
641418
641418
669757
669757
699703
699703
732478
732478
806160
806160
846246
846246
855708
855708
860482
888650
888650
934058
934058
980921
980921
030720
030720
097790
121710
121710
322940
390280
390280

574036
574036
023893
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691360
426480
466850
504110
539230
572300
603200
809240
823930
842510
666260
882610
998880
087220
174020
391020
447710
496920
538420
572640
577070
577070
599950
118440
206640
307140
546500
686240
731470
046060
196510
220000
225020
243210
251390
265620

.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005

[eNeNeNeoNoNoNeNeReNe e NeE-NeNcNeNoNoNc NN oo Ne Nc Ne - Ro Ne Ne o R Ne Ne e e Ne N e e N Ne NeoNo Ne N Ne e X-Ne N Ne X NN NN Ne N oo e e o No e e oo Ne Ne NeReX-Ne Ne oo Ne Ne No Ne N Ne Nl
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17 4 14 17 3 14 1022.
19 2 17 18 1 17 1022.
20 2 18 19 1 18 1022.
17 3 14 16 2 14 1024.
18 3 15 17 2 15 1024.
19 3 16 18 2 16 1024.
18 3 16 17 2 16 1025.
20 3 17 19 2 17 1025.
22 221 21 1 21 1025.
19 3 17 18 2 17 1025.
21 3 18 20 2 18 1025.
13 4 9 12 3 9 1025.
13 4 10 12 3 10 1025.
14 4 10 13 3 10 1026.
14 4 11 13 3 11 1026.
24 2 23 23 1 23 1026.
15 4 11 14 3 11 1026.
15 4 12 14 3 12 1026.
22 3 20 21 2 20 1026.
23 321 22 221 1026.
17 4 13 le 3 13 1027.
18 4 14 17 3 14 1027.

7 7 0 7 6 2 1029.

707 1 7 6 1 1029.

8 7 1 8 6 3 1029.

8 7 2 8 6 2 1029.

9 7 2 9 6 4 1029.

9 7 3 9 6 3 1029.
0 7 3 10 6 5 1029.
10 7 4 10 6 4 1029.
13 7 6 13 6 8 1029.
13 7 7 13 6 7 1029.
14 7 7 14 6 9 1029.
14 7 8 14 6 8 1029.
15 7 8 15 6 10 1029.
15 7 9 15 6 9 1029.
16 7 9 16 6 11 1029.
16 7 10 16 6 10 1029.
17 7 10 17 6 12 1029.
17 7 11 17 6 11 1029.
18 7 11 18 6 13 1030.
18 7 12 18 6 12 1030.
19 7 12 19 6 14 1030.
19 7 13 19 6 13 1030.
20 7 13 20 6 15 1030.
20 7 14 20 6 14 1030.
22 517 21 4 17 1031.

7 7 0 6 6 0 1031.

77 1 6 6 1 1031.

8 7 1 7 6 1 1031.

8 7 2 7 6 2 1031.

9 7 2 8 6 2 1032.

9 7 3 8 6 3 1032.
10 7 3 9 6 3 1032.
10 7 4 9 6 4 1032.
12 7 5 11 6 5 1033.
12 7 6 11 6 6 1033.
13 7 6 12 6 6 1033.
13 7 7 12 6 7 1033.
14 7 7 13 6 7 1033.
14 7 8 13 6 8 1033.
15 7 8 14 6 8 1034.
15 7 9 14 6 9 1034.
le 7 9 15 6 9 1034.
16 7 10 15 6 10 1034.
17 7 10 16 6 10 1034.
17 7 11 16 6 11 1034.
19 7 12 18 6 12 1035.
19 7 13 18 6 13 1035.
20 7 13 19 6 13 1035.
20 7 14 19 6 14 1035.
21 7 14 20 6 14 1036.
21 7 15 20 6 15 1036.
22 7 15 21 6 15 1036.
22 7 16 21 6 16 1036.

B.3. Assigned transitions in the warm CLS spectrum (unfit-

ted)
The full list can be found in the file:

298830
370900
703510
462370
732760
999570
122720
263080
359170
472060
526020
887130
887130
194060
198880
306700
499950
507500
562000
938090
101830
388220
429890
429890
466880
466880
507230
507230
552100
552100
708350
708350
766060
766060
826540
826540
889820
889820
954640
954640
021240
021240
091550
091550
162590
162590
283970
400880
400880
719890
719890
042970
042970
369460
369460
032860
032860
369770
369770
709920
709920
052200
052200
397040
397040
744360
744360
444720
444720
799460
799460
153760
153760
510630
510630

OO OO0 O0OO0ODODOODOODODOODOODODOODODODODOODOODODOODODODODOODODODODOODODOODOODODOODOODODOODOODODOOOOOOOOO0O0O0O0O0O0O00OO0oOo

.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005
.0005

trans_butadiene_nul0O_AssignedCLS_lin.txt

where vip = 1 is coded at v = 6.

PR PP R RPRPRRPRRPRPRRRPRPRRRPRPRRRPRPRRRPRPRRPRPRPR,O0O0000000000000000000000000000000000000000000000CO0CO0O0

I I I I R R R O R S N I I I O R S R S R T T T N N N R T N R N N N B Y I = gy S Ry

1009.
1009.
1008.
1008.
1007.
1007.
1007.
1006.
1006.
1005.
1005.
1004.
1004.
1003.
1002.
1001.
1001.
1000.
1012.
1012.
1012.
1012.
1012.
1012.
1012.
1012.
1012.
1012.
1012.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1013.
1007.
1006.
1006.
1006.
1006.
1005.
1005.
1005.
1004.
1004.
1004.
1004.
1003.
1003.
1003.
1002.
1002.
1002.
1001.
1001.
1000.
1000.

999.

998.

997.

997.

996.

996.

995.
1010.
1010.
1010.
1010.

648040
308150
959280
229940
848580
454390
047010
626690
191460
742730
279640
803090
312970
810180
237610
696170
147820
593550
296550
352500
413040
478440
547490
619370
692660
766540
840110
912380
982450
050560
114750
175330
233010
286840
336430
382570
426390
466570
503690
538760
571370
602480
631980
687460
713990
739170
764050
813410
837460
862020
171500
958730
533940
319790
102940
881660
419750
177550
925550
663100
388500
101340
800600
486330
155700
810550
448500
069920
673920
260740
830730
383800
440171
436977
914997
381285
836785
282122
719652
043290
136520
237740
347330

.0002
.0002
.0002
0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
0002
0002
0002
0002
0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
0002
0002
0002
0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
0002
0002
0002
0002
0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
0002
0002
0002
0002
0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
0002
0002
0002
0002
0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002

OO OO0 O0ODO0OO0ODOO0OODOODOODODOODOODODOODOODODOODOODODOODOODODOODODODODOODODODODOODODODODOODODODODOODODOODOOODOODOOOOOO0OO0O00OO0O00OO0OoO0oOo
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R e e e T B T T S e e S S e

DN NDNDNDNDNDNDNDNDNDND N

1010.
1010.
1010.
1010.
1011.
1011.
1011.
1011.
1011.
1011.
1012.
1012.
1012.
1012.
1012.
1012.
1013.

464750
589600
721510
859340
152460
306260
463830
624100
786340
949560
113400
275910
436770
594730
748300
897940
041970

[eNeNeNoNeNeNeNeNoNcNeNeE-NeNe NN}

.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
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