Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is (c) The Owner Societies 2010

Conformational Equilibria in Vanillin and Ethylvanillin
SUPPLEMENTARY INFORMATION

Emilio J. Cocinero,™ Alberto Lesarri,”" Patricia Ecija,? Jens-Uwe Grabow,”

José A. Fernandez,? Fernando Castafio?

®Departamento de Quimica Fisica, Facultad de Ciencia y Tecnologia, Universidad del
Pais Vasco, Apartado 644, E-48080 Bilbao, Spain, Fax: +34-94-4608500, E-mail:

emiliojose.cocinero@ehu.es

®Departamento de Quimica Fisica y Quimica Inorgénica, Facultad de Ciencias,
Universidad de Valladolid, E-47011 Valladolid, Spain, Fax: +34-983-423013, E-mail:

lesarri@qf.uva.es

“Institut fir Physikalische Chemie & Elektrochemie, Lehrgebiet A, Gottfried-Wilhelm-

Leibniz-Universitat, Callinstrasse 3A, D-30167 Hannover, Germany



Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is (c) The Owner Societies 2010

Table S1. Measured rotational transitions of vanillin s-cis (obs.) and residuals (obs.-

calc.) for the fit of Table 1 (frequencies in MHz).

SOk Ky K Ky obs. obs.-calc. SOk Ky K K obs. obs.-calc.
3 0 3 2 0D 2 40873637  -D.0O09 § 3 o T 3 4 127883560  0.0000
3 77 | | 47301114 0.000a g 3 6 T 3 a 633421 0.0002
40 4 3 0 3 az4aana 0.0000 8§ 4 4 7T 4 3 123080233  0.000f
L - 2 B2227482  -0.0009 § 4 5 T 4 4 9685733  0.0002
4 1 4 3 3 a083.323 0.0012 g 9 3 T & 2 19813326  0.0000
4 2 12 § 1 | B2385448  -0.0003 8 9 4 T & 3 113436364  0.0003
4 17 3 3 1 7 74440716 0.0004 8 68 2 T G I 11873.3061  -0.0003
4 2 3 3 | 2 76838328  0.0002 § 6 3 T B 2 18786236 0.oon
a 0 3 4 0 4 B3B70208  -0.0002 i 0 9 8 0O 8§ (09197867  0.000O
a 03 4 | 4 B20G.6I3 0.0005 g 1 8 8 | i 12144712 0.0o0t
a 4 4 3 TaT8.1174 0.0000 g 1 8 8 | § 10368976 00000
a a4 4 62780013 -D.00O1 i 2 17 8 1 b 135143344  -0.0006
a 3 4 0 4 B4384108  -0.0005 y 2 8 8 2 T 12036.5403  -0.0002
a2 3 4 1 2 7966.4082 00000 9 3 b6 8 3 & 143837523  0.0000
a2 4 42 3 70831264  0.0000 3 3 7 8 & 6 129736272  -0.0002
a3 72 4 3 | TB0B.7321 0.0000 4 5 B 4 4 140896853  -0.0002
a 3 3 4 3 7 74043293 0.ooot 3 4 & 8 4 0 34316312 0.0000
E 0 6 & O g 74827243 0.0o01 9 8 4 B 5§ 3 135802450 0.0000
B0 6 & | a  T4N3332  -0.0002 § 8 o 8 & 4 (3:0024  -0.0002
I - R 4 87370228  0.0002 9 6 3 8 6B 2 134223 -0.0017
I T I a 74308758 00000 9 B 4 B B 3 13416.5466 0.00i0
I R o Ta222664  -0.0001 o 0 10§ 0 3  12068.2864  0.0000
B 2 4 5 2 3 95537914 0.0o01 o 1 8 3 | § 132378850  0.0003
8 2 3 & 2 4 83817662  0.0000 o 1t 103 | 4 120672387  -0.0000
B3 3 & 3 2 93230135 -0.0002 o 2 8 3 2 T 14096.4663  0.0002
E 3 4 &5 3 3  B8E7HI86  -0.00NI o 2 93 5§ 2 § 132020635  -0.0002
E 4 72 § 4 | 8977.0257  -0.0003 o3 7 8 3 6 158330091  O.000f
B 4 3 &5 4 2 8930.3836  0.0003 o 3 8 3 3 T 142343279 0.0000
- 0  B88a797  -0.0003 o 4 6 83 4 &5 159072471 0.0006
B8 2 & 0 | BB84.2328 0.0013 o 4 7 8§ 4 B 143880860  -0.0001
7T 0 7T & O B B620.262% g.ooat 0 5 & 8§ & 4 (32844758  0.0000
70 T & | 6 89373 -0.0009 0 3 6 8§ & a 10484313 -0.0001
7 1 B B o 5917B4zs  -0.0002 o 6 4 3 B 3 148914382  -0.0007
T 1t 7T & | 6 8613666 0.0002 0 6 5 8§ B 4 140708821  0.0002
T 1t 7T B D 6 86403091  0.0003 0 o 0 0 13274275  -0.0002
T 7 3 & 2 4 023467  0.0000 ([T T |1 | d 143738282  -0.0003
T 2 8 B 2 o 96425035 00003 1 o 10 1327.043l 0.0001
73 4 B 3 3 0789646  -0.0002 2 8 10 2 8  15660.6E! g.ooor
7T 3 3 B 3 4 107898463  -0.0000 2 10 o 2 3 14358487  0.0000
7 4 3 B 4 2 103980953 00000 3 8 10 3 8 [b43l5747 00000
T 4 4 B 4 3 104303685  0.0000 4 8 10 4 7 162672208  O.000f
7 43 2 B & | 10474731 -0.0008 a5 7 10 & 6 IE5BO.7TI06  O.0OOf
73 3 B & 2 1D409.34  0.0004 6 & 10 B 4 65999643  O.0OOI
7 &8 1 B B D 10372343  -0.0027 6 6 10 6 a 165381333 -0.0001
7 & 2 B B | 103570872 0.0027 2 0 12 D0 I 143668386  -0.0003
g 0 8 7 10O T 97728047 -0.0000 (/N | 0 15al6.7621 0.0003
g 17 7T | 6 10087406 0.0004 (/2 T VA Il 143667007  0.0004
g 18 7 | 7 97628832 0.0004 2 2 1 2 10 1530.3583  0.0000
§ 2 & T 2 a 123418226 -0.0004 2 3 10 0 3§ 3 166377318 g.ooof
g 2 1 1T 1 6 108536062  0.0000 3 0 B 12 0 12 [59063670  -0.0001
3 1 13 12 | 12 |bol6.3l8a  0.0002
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Table S2. Measured rotational transitions of vanillin s-trans (obs.) and residuals (obs.-

calc.) for the fit of Table 1 (frequencies in MHz).

oKy Ky K K obs. obs.-calc. oKy Ky K K obs. obs.-calc.
4 0 4 3 0 3 a0328364  0.0002 2 7 & 2 B 127688962  -0.0000

41 3 3 | 7 3GBG6.aBEZ  -0.000M i 3 & 8 3 a 127682843 -0.0001

A 2 B30GlOOE  0.0000 3 4 3 8 4 4 123134277  0.0000

a 0 5 4 D 4 B46.0398  -0.0005 3 4 & 8 4 o 121835830  -0.0001

a b h 4 3 70331382  -0.0003 00 0§ 0 § 15800526  0.0000

a a4 4 5967.8972  0.0000 o1t 5 3 | § 128062336  0.0000

a I3 4 0 4 B4Z62940  0.0003 (11} T /- 9 1157856216 0.0000

a2 b 47 3  BoBB.2795  -0.0002 0 5 6 8§ & & 133233974  0.0000

8 0 & & 0 & 72315385 00000 0o o 0 0 126300307  -0.0002
A - g bIal.3450 0.0o0t N T |1 | 9  13868.0257  -0.0002
- 4 B31B4024  -0.0008 1t 1 0+ 10 126844330  -0.0004
T - a  mo7ezz - -0.0005 3 8 10 & 7 (37842285  (0.0005

& 2 8 0 2 4 78271743  -0.0003 3 8 10 3 8 I4606B0  0.0000

8 3 4 & 3§ 3 B067a801  -D.0OO3 4 7 10 4 B (03088135  -0.0001

8 4 2 5 4 | 8071238 -0.0002 a3 7 10 & 6 148220500 00000

8 4 2 6 3 3 B306E3E 00000 6 & 10 & 4 14853333  -0.0009

8 4 3 & 4 7 BOB45480  0.0020 z 0 12 0 0 0 13798730  0.0004

7 0 7 6 0 B 8330862 0.0000 Z 1 1 1 10 148400542 - -0.0002
T 0 7T B | E 8ladak32 00003 (VN N VA I 13783.0376  0.000B

T 1 B B | a  9928.3168 g.ooof 2 1t 12 1 0 0 13734431  -0.0003
T 1 7T B | & 82396602  0.0002 3 0 13 12 0 2 148943884  0.0001

T 7 & & 2 g 9060.0256  -0.0004 g 0 B3 12 | 12 148917688  -0.0004
§ 0 & 7 0 7 853997376 00004 (R I VAR VA I 160228033  0.0000

g 17 7T | 6 106636231 0.0004 g 1 B3 12 | 12 14893.0022  -0.0003
g 18 7 | 7 9358406 -0.0003 § 2 12 12 2 I 153806180  0.000%

8 1 4 T 5§ 3 107668483  0.00ID 40 14 13 0 13 15997.3450  (0.0000

9 0 9 & 0 8 104326333  O.0000 U N A 13 159966869  0.0002

9 1 8 B | 8 104705261  0.0002
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Table S3. Measured rotational transitions of vanillin s-cis-cis (obs.) and residuals (obs.-
calc.) for the fit of Table 2 (frequencies in MHz).

Ky Ky JY K Ky obs. obs.-calc. Ky Ky J" Ky Ky obs. obs.-calc.
3 0 3 2 0 2 40879657 -0.0009 g8 3 g 7 3 4 12788.356! 0.0000
3 | 2 2 | | 47301114 0.0005 g 3 B 1 3 a 11629.9421 0.0002
4 0 4 3 0 3 9245.5791 0.0000 8 4 4 1 4 3 12308.0233 0.0001
4 | 3 3 | 2 87727482 -0.0009 8 4 a 1 4 4 11968.5733 0.0002
4 4 3 | 3 a083.929 0.0012 g8 & 3 1 a 2 11981.3326 0.0000
47 2 3 YA | 6798.0448 -0.0003 g8 0 4 1 a 3 11349.6564 [.0003
47 3 3 2 2 a744.976 0.0004 8 B 2 7 B | [1879.906! -0.0005
47 3 3 | 2 7683.9528 0.0002 8 6 3 7 B 2 11878.6236 0.001
a 0 a 4 0 4 B367.0203 -0.0002 9 0 g 8 0 8 |0919.7867 0.0000
a 0 3 4 | 4 62066113 0.0005 9 1 8 8 | 1 12014.4712 0.0001
3 | 4 4 | 3 TaT8I74 [0.0000 g | 9 8 | 8 10916.9976 [0.0000
a | a 4 | 4 6278.0013 -0.0001 9 2 7 8 2 B 13514.9344 -0.0006
a | 3 4 0 4 64384108 -0.00053 g 2 8 8 2 7 12036.5403  -0.0002
a2 3 4 2 2 7966.4092 0.0000 9 3 B 8 3 a 14385.7523 0.0000
a2 4 4 2 3 70931264 0.0000 g 3 1 8 3 B 12973.6272  -0.0002
a3 YA 4 3 | 7606.7321 [.0000 9 4 a 8 4 4 14099.6859  -0.0002
a3 3 4 3 2 7404.3293 0.0001 9 4 B 8 4 3 13451.6312 0.0000
8 O B a 0 3 7492.7243 0.0001 9 5 4 8 3 3 13595.2435 0.0000
B 0 B a | a 74213332 -0.0002 9 5 a 8 a 4 13500.2411 -0.0002
B a g | 4 8797.0228 0.0002 9 B 3 8 B 2 134223171 -0.0017
B | i 3 | a 74308758 [.0000 9 B 4 8 B 3 13416.5466 [0.0010
B B 3 0 g 7322.2664 -0.0001 0 0 10 9§ 0 9  12068.2864 0.0000
B2 4 3 2 3 9553.7914 0.0001 I/ 9 g | 8  13237.8855 0.0003
B2 a a 2 4 83917662 0.0000 (I 0 9 | 9 12067.2387 -0.0001
B3 3 a 3 2 9323.0135 -0.0002 0 2 8 9 2 7 14396.4663 0.0002
B3 4 3 3 3 8867.5186 -0.0001 0 2 g 9 2 8 13202.1695 -0.0002
B 4 2 3 4 | 8977.0257 -0.0003 0 3 7 9 3 B 15833.0091 0.0001
B4 3 3 4 2 8930.3836 0.0003 0 3 8 9 3 7 142343279 0.0000
B 5 | a 3 0 8885.797 -0.0003 0 4 B 9 4 a 15907.247 0.0006
B o 2 g 3 | 8884.2328 0.0019 0 4 7 g 4 6  14888.0865  -0.0001
7 0 1 B 0 B 8679.2625 0.0o01 0 & a 9 a 4 192844758 0.0000
7 0 1 i | B 8099.7191 -0.0003 0 & B 9 g 3 15049.4313 -0.0001
1 | i B | a 9917 6428 -0.0002 0 B 4 9 i 3 14991.4382 -0.0007
7 | 7 B | B 8611.3666 0.0002 0 & a 9 B 4 14970.9821 0.0002
7 | 7 B 0 B 8640.9091 0.0003 0 I m 0 10 132174275 -0.0002
17 2 a B 2 4 11021.9487 0.0000 Il | 0 10 | 9 143739292 -0.0005
7 2 B B 2 g 9642.5035 0.0003 | | 10 | 10 13217.043! 0.0001
7 3 4 B 3 3 11078.9646 -0.0002 2 9 10 YA 8 |3660.166! 0.0001
7 3 a B 3 4 10789.8469 -0.0001 2 10 10 2 g 14358.487 0.0000
T 4 3 B 4 7 10598.0953 [.0000 3 9 10 3 8 194a1.5747 [0.0000
T 4 4 B 4 3 10455.3695 0.0000 4 g8 10 4 7 162672208 0.000t
7 4 2 B 3 | 10417 4731 -0.0008 5 7 10 3 B |6580.7108 0.000t
7 2 3 B a 7 10409.1345 [0.0004 I B a0 B 4 16599.9643 [.0001
7 b | B B 0 103372343  -0.0027 I B B 10 B a 16539.1393 -0.0001
7 B 7 B i | 10357.0372 0.0027 2 0 12 0 I 14366.8386  -0.00035
g 0 8 7 0 7 9772.8047 -0.0001 2 1 Il Il | 10 15516.7621 0.0003
g | 7 7 | i 11009.7406 0.0004 VA 2 1 | I 14366.7007 0.0004
8 | 8 1 | 1 9765.5952 [.0004 2 2 I I 7 10 15510.3599 [.0000
g 2 B 7 2 a 12341.9225 -0.0004 2 3 10 | 3 g 16637.7319 0.000t
g 2 7 1 7 6 10853.6062 [.0000 3 0 3 12 0 12 15516.3675 -0.0001
3 | 13 12 | 12 15516.318a 0.0002
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Table S4. Measured rotational transitions of vanillin s-cis-trans (obs.) and residuals
(obs.-calc.) for the fit of Table 2 (frequencies in MHz).

Ky Ky K K obs. obs.-calc. SOk Ky K Ky obs. obs.-calc.
L - 2 47742333 0.0002 8 6 3 T 6B 2 9178.3065 0.0o
a0 3 4 D 4 48737400  0.0001 i 3 7 8 & b 03340233  0.0000
a3 4 4 4803.8457  -D.0000 o 4 7 8§ 4 B 14238086  -0.0002
a3 2 4 3 I 08529436  -0.00N 3 9 I &3 8 I834EGI6 0.ooot
A N - o a/074332  0.0000 2t 1 1+ 10 18809654  (0.0006
8 4 3 & 4 7 B8623482  0.0006 2 2 10 n 2 3 128112728 0.0008
T 0 7 & 0 & GGOBO345 00000 2 3 8 0 3 8 (3042781  -0.0004
T 1 &8 B o Tod6.4436 - -0.0007 3 0 1 12 0 12 118850223  -0.0006
A Y A b Go3oB44E  -0.0004 (T I K R VA 12 118843338  0.0005
T 727 5 B 7 4 B4332980 00002 3 4 0 12 4 3 144407457  0.0009
T 27 & & 2 o 73887299  0.0000 3 8 9 12 5 § 14979283  -D.0004
T3 4 B & 3 83770842 0002 [ N R 12 136387742 0.0004
T3 5 B 3 4 78368470 0.000S 4 2 B3 13 2 12 1363864 0.0o01
T 4 3 B 4 7 854318 -0.0004 3 12 13 3 I 146522  -0.0003
T 4 4 B 4 3 8033738  -0.0002 fa 0 1o 14 0 14 136464124  0.0005
7 3 2 B 9 | BODGEG442  -0.0021 VR B R S 14 13646.4083  0.0000
T3 3 B 8 27 73397863  -0.0004 1 I N 14 12398.9228  0.0007
g 0 & 7 0 7 74843601  -0.0002 B 2 1 & 2 14 153988362  -0.00I6
g 1 4 7 | 7 74737340 0.0002 7 0 17 & 0 16 1054078476  0.0000
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Table S5. Ab initio structure for s-cis vanillin (MP2-6-311++G(d,p), principal axes
system).

Atom alA b/A c/A

0.493253 0.650882 0.000233
1.427238 -0.403081 -0.000479
0.997094 -1.735466 0.000193
-0.369621 -2.032781 -0.000243
-1.300865 -0.996205 0.000222
-0.864669 0.351551 -0.000295
0.863846 1.670364 0.000107
1.729858 -2.539276 0.000076
-0.732543 -3.056235 0.000002
-2.627933 -1.279836 0.000136
-3.095036 -0.432648 0.000479
-1.889845 1.254045 -0.000218
-1.523657 2.631974 0.000144
-2.460455 3.187103 0.000291
-0.944755 2.877672 0.895898
-0.944742 2.878171 -0.895465
2.873434 -0.100187 0.000161
3.347417 1.02485 -0.000005
3.533201 -0.993376 0.000767

»
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Table S6. Ab initio structure for s-trans vanillin (MP2-6-311++G(d,p), principal axes
system).

Atom alA b/A c/A

0.210671 -0.92256 0.000022
1.395993 -0.162799 -0.000322
1.341997 1.237725 0.000147
0.106019 1.885169 -0.000124
-1.074948 1.139757 0.000178
-1.02211 -0.271406 -0.000276
0.273949 -2.006904 -0.000173
2.270287 1.801256 0.000091
0.030988 2.968699 0.000112
-2.273159 1.778068 0.000145
-2.956272 1.093314 0.000253
-2.253084 -0.867396 -0.00034
-2.272026  -2.291158 0.000311
-3.32355 -2.57438 0.000452
-1.782561 -2.686117 -0.895872
-1.782518 -2.685262 0.896847
2.692899 -0.874539 0.000048
3.785549 -0.333105 0.000084
2.611502 -1.983492 0.000261

»
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Table S7. Ab initio structure for s-cis-trans ethylvanillin (MP2-6-311++G(d,p),
principal axes system).

Atom alA b/A c/A
0.585232 0.205349 -0.023353
-0.526682 -0.629995 -0.03858
-1.813173 -0.060974 0.025219
-1.97553 1.329877 0.028829
-0.85581 2.1681 0.038462
0.421143 1.612556 -0.013958
-0.43948 -1.711133 -0.052086
-2.975403 1.756448 0.06718
-0.951605 3.249737 0.049427
-3.002728 -0.93713 0.004386
-2.96629 -2.157357 -0.01646
-3.973999 -0.398978 0.011524
1.51155 2.420651 -0.013298
2.286203 1.840972 -0.030833
1.892307 -0.188874 -0.060029
2.146665 -1.596769 0.027612
1.683855 -1.986293 0.942082
1.695566 -2.09762 -0.837039
3.648779 -1.782577 0.045748
4.095382 -1.379636 -0.866151
4.087167 -1.278482 0.910058
3.885196 -2.848633 0.107243

»
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Table S8. Ab initio structure for s-trans-trans vanillin (MP2-6-311++G(d,p), principal
axes system).

Atom alA b/A c/A
0.68306 0.138029 -0.039929
-0.345265 -0.803536 -0.058751
-1.682975 -0.371414 0.015593
-1.985898 0.997079 0.034278
-0.954569 1.936753 0.049883
0.375764 1.516031 -0.011779
-0.130605 -1.867969 -0.085379
-3.025999 1.306276 0.07887
-1.157108 3.003575 0.074164
-2.756426  -1.388883 -0.013413
-3.950902 -1.144052 0.011959
-2.395629 -2.439586 -0.060022
1.37454 2.435846 -0.004464
2.206872 1.942816 -0.020796
2.0242 -0.125638 -0.090302
2.42121 -1.494951 0.040378
1.998368 -1.902716 0.966667
2.029549 -2.067272 -0.809241
3.93458 -1.525581 0.064269
4.339543 -1.105755 -0.859325
4.31589 -0.953062 0.912807
4.279635 -2.559213 0.15761

»
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