Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2008

Seven Structures of Threonine in the Gas Phase: a LA-MB-
FTMW Study

José L. Alonso*, Cristobal Pérez, M. Eugenia Sanz, Juan C. Lépez, and Susana Blanco

Grupo de Espectroscopia Molecular (GEM), Departamento de Quimica Fisica y Quimica
Inorganica, Facultad de Ciencias, Universidad de Valladolid, E-47005 Valladolid, Spain.
Fax:+34-983-423204, Tel:+34-983-423204; E-mail:jclopez@qgf.uva.es, jlalonso@qf uva.es

Supplementary Information



Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2008

Table S1.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer Ia of threonine

7 K, K, 7' K, K. F _F° Von VeV ool
0 2 1 0 1 32 5560.819 0.000

2 1 5560.813 -0.000

1 0 5559.638 -0.002

2 2 5559.560 0.003

1 1 5562.775 -0.000

2 1 1 1 1 0 32 6038.528 0.001
2 1 6037.220 0.003

1 0 6039.693 0.003

2 2 6037.670 -0.003

2 1 1 1 0 1 32 7699.622 0.005
2 1 7700.018 0.002

1 0 7698.209 0.001

2 2 0 1 1 0 32 9909.456 -0.002
2 1 9910.257 -0.001

1 0 9909.435 -0.004

3 0 3 2 0 2 4 3 8160.523 -0.001
32 8160.585 0.000

2 1 8160.245 0.001

3 3 8159.323 0.000

2 2 8162.208 0.001

3 1 3 2 1 2 4 3 7818.995 -0.001
32 7818.650 -0.004

3 3 7818.160 -0.003

2 2 7819.780 0.000

3 1 2 2 1 1 4 3 9001.385 -0.003
3 2 9001.038 -0.003

2 1 9001.330 -0.003

4 1 4 3 1 3 5 4 10352.605 0.002
4 3 10352.471 0.000

32 10352.562 0.003
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Table S2.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer Ila of threonine

7 K, K, 7' K, K. F _F° Von VeV ool
0 2 1 0 1 32 5589.264 0.000

2 1 5589.495 -0.009

1 0 5588.986 -0.001

3 0 3 2 0 2 4 3 8143.823 -0.001
32 8144.124 0.001

2 1 8143.742 0.003

3 1 3 2 0 2 4 3 8671.162 0.000
32 8671.800 -0.003

3 1 2 2 1 1 4 3 9176.274 -0.002
32 9176.297 0.004

2 1 9176.102 0.003

3 0 3 2 1 2 4 3 7252.703 -0.003
3 2 7252.403 0.001

3 1 3 2 1 2 4 3 7780.040 0.002
3 2 7780.075 -0.007

2 1 7780.155 -0.001

4 0 4 3 0 3 5 4 10538.645 -0.001
4 3 10538.901 0.001

32 10538.614 0.002

4 1 4 3 1 3 5 4 10277.520 -0.001
4 3 10277.598 0.000

32 10277.561 -0.002

4 1 3 3 1 2 5 4 12065.812 -0.003
4 3 12065.945 0.000

3 2 12065.703 -0.004

5 0 5 4 0 4 6 5 12873.578 0.002
5 4 12873.761 0.002
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Table S3.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer Illa of threonine

I K, Ky J7 K, Ky FOFY Vobs. Vobs.~V cal..
1 1 0 0 0 2 1 4131.633 -0.005

1 1 4132.411 0.002

0 1 4130.482 -0.000

2 0 2 1 0 1 1 0 5572.478 -0.001
2 1 5573.601 0.001

3 2 5573.636 -0.001

1 1 5575.593 0.000

2 2 5572.363 0.001

2 1 2 1 1 1 3 2 5298.052 -0.002
2 1 1 1 1 2 1 5957.750 0.001
3 2 5959.053 0.004

2 1 1 1 3 2 6615.327 -0.003
2 2 1 1 1 1 1 0 10242.354 -0.002
2 1 10242.506 0.000

3 2 10241.945 0.004

3 0 3 2 0 2 2 1 8232.497 0.004
3 2 8232.795 -0.004

4 3 8232.769 0.002

3 1 3 2 1 2 3 2 7914.664 0.001
4 3 7915.013 0.002

3 1 2 2 1 1 3 2 8900.366 -0.002
4 3 8900.720 -0.003
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Table S4.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer IIb of threonine

7 K, K, 7' K, K. F _F° Von VeV ool
0 2 1 0 1 32 5574.455 0.001

2 1 5574.390 0.003

1 0 5573.502 0.002

2 2 5573.340 0.001

1 1 5576.122 -0.000

2 1 2 1 1 1 32 5337.580 -0.003
2 1 5336.494 -0.002

1 0 5338.682 0.001

2 1 1 1 1 0 32 5869.248 0.001
2 1 5868.163 0.003

1 0 5870.349 0.002

3 0 3 2 0 2 4 3 8291.726 0.000
3 2 8291.700 0.003

2 1 8291.509 0.002

3 3 8290.584 0.002

2 2 8293.245 0.003

3 1 3 2 1 2 4 3 7989.005 -0.001
32 7988.697 0.001

2 1 7988.990 -0.008

3 1 2 2 1 1 4 3 8784.532 -0.001
32 8784.222 -0.003

2 1 8784.522 -0.004

3 0 3 2 1 2 4 3 6830.094 -0.000
32 6829.511 -0.001

2 1 6830.180 -0.002

3 3 6828.950 0.000

2 2 6831.061 0.003

3 1 3 2 0 2 4 3 9450.637 -0.001
32 9450.881 0.001

2 1 9450.322 -0.001

3 3 9449.767 0.002

2 2 9452.057 -0.002

4 0 4 3 0 3 5 4 10936.504 0.001
4 3 10936.492 0.001

32 10936.401 0.001
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Table S5.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer IlIgb of threonine

J o K., Ky J7 K", K", FF” Vobs. Vobs.V cal.
0 3 2 0 2 4 3 8071.626 0.001

3 2 8071.530 -0.000

3 1 3 2 1 2 4 3 7779.043 -0.002
3 2 7778.817 -0.002

2 1 7778.968 0.000

3 1 2 2 1 1 4 3 8511.135 0.002
3 2 8510.938 0.002

2 1 8511.213 0.000

4 0 4 3 0 3 5 4 10667.426 -0.000
4 3 10667.322 -0.002

3 2 10667.376 0.001

4 1 4 3 1 3 5 4 10348.939 0.000
4 3 10348.821 -0.001

3 2 10348.882 0.004

4 1 3 3 1 2 5 4 11319.247 -0.002
4 3 11319.143 -0.002

3 2 11319.262 -0.000

5 0 5 4 0 4 6 5 13201.545 -0.003
5 4 13201.444 0.002

4 3 13201.519 0.001




£q UQAIS sI ueIUO)[TWEH UOSJEAN PISLITWAS AU, "PIZI[BUOSEIP PUE ,f = [ + [ IS SIseq pa[dnoo oy ur pejonnsuod st

“nS1p 3e[ OY) JO SHUN UI SIseyjuated Ul J0IIO pIepuelS

1 Oy} JO sw

‘SUONISULI} PANIJ JO JOqUINN]

q

"10sud) Furjdnoo sjodnipenb redjonu N, oY) JO SIUAWA[Q [eUOTeIp oty are 22X pue * I © T *snajonu uo3oniu
oyl e (9°q e =g 0 ‘geoe/s %H%S JUQIPEI3 POl OLIIOJ[ Je[NIJ[OW Y} YIM (()9) Juowow djodnipenb o109 N, oy jo A315U0 uONOBINUI
o) 10J $HuN0doe Oy WiId) Ay, ‘AorInode Aouonboiy pajetnso oY) Yrm Jud)isIsuod 1j Y} JO UOIIRIAD SULI Uk UIB)qO O} PAJBO[J 9q 0} Popadu

@

Iy AJuQ "SIuBISUOD UONIOISIP [eSNJLIUID dnJenb a are SQ pue [Q Sy iy ‘Iyy pue SJUR)SUOD [BUONEIOL AU} JUASAIdAI ) g ‘F7 STUIIIIFO0D A} dIYM

['d QCd - 'd) + (°d -°d) 'd]1 P — (°d - 'd) d'QT—
pd V= d V- wm W-2do+  dgd+,dV=y'H
H

+ ) "H = H UeIUOJ[IWEH SYL, ,

91 v 9T v 0¢ I'C v »(ZHY) ©

0z 44 44 ¢ LT LT 0€ >N

($9)85€°T (99)978$°1 (0D)P6E£E'T (09)ZSPL'T (05)8€0°C (0L)8LE1°C- (L1D8YTS'T (zHN) >X

(0S)LST 0" (9%)2895°C (SL)SSTY'T (LD6ISLT (91)28$°C (82)18L8°C (T 1199°C (ZHIN) X
rD1oze (ZO6TST - (gL)zsoL ¢~ (1o1L6v¢- (ID¥PS 0- (1o)covLo- (ST6S8T v- » ZHN) "X |

(1L)Z811°0 (92)¥8€°0 (SDSLT0 (TDE8T0 (£8)€6€1°0 (816070 (€DL6T0 . ZHY) 'V

(TD1T16S LETT (LY)ETrES YT (IS)PSESL ESET (PE)S1988°L9T1 (POEPPIC 6811 (PP)SLSEEIIET (89)z9L6€T1TT (zHN) D

(I12)P8610° 7811 (0S)TSTTETLST (0976899 ¥SL1 (ZOTO8TIL E€EST (PE)LOSTIT 0991 (LE6LILT90ST (92)66956'8091 (zHN) 9

(FDI1¥86LEE (SH)TSEE6'688T (€)960TL0L9T (TDLT8Y TETE (00)LTT9'TI6T (TOLYT6S 8P 1€ o (8Y)6Y0LL'TLYT « (ZHW) vV

‘1 e°[I1 )1 a1 el q1 |

800 SANAI00S 1oUMQ) oY, @ ST [eumnol sty
so1sdy g [poruway)y Lustuay)) (porsdyg 10§ (1SH) [eHRN Arejuowdddng

"UIUOAIY) JO SIQULIOJUOD PIAIISQO A} 10J SIue)suod 01dodsondads 9§ dqe],




Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2008

Table S7.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer Ilc of threonine

' XK, Ky, J7 K, K% F F” Vobs. Vobs.™V cal
2 1 2 1 0 1 3 2 6821.880 -0.001
2 1 6822.580 0.000
2 2 6821.449 -0.001
2 2 1 1 1 0 3 2 9395.705 -0.001
2 1 9396.518 0.004
1 0 9395.638 0.001
2 2 9396.913 -0.003
3 0 3 2 1 2 4 3 8522.511 0.004
3 2 8521.936 0.002
2 1 8522.619 0.001
3 1 3 2 0 2 4 3 9436.649 -0.002
3 2 9437.014 -0.001
2 1 9436.298 -0.002
4 0 4 3 1 3 5 4 11554.619 -0.001
4 3 11554.407 -0.001
3 2 11554.602 -0.006
4 1 4 3 0 3 5 4 12021.630 0.004
4 3 12021.793 0.001
3 2 12021.492 0.002
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Table S§.  Observed frequencies and residuals (in MHz) for the nuclear quadrupole
coupling hyperfine components of the conformer I'b of threonine

7 K, K, J K., K. F F Von VoroV o
2 1 1 1 0 1 3 2 7667.578 -0.000
2 1 7666.878 0.003
1 0 7667.759 -0.000
2 2 7666.650 -0.003
1 1 7668.317 0.003
2 1 2 I 0 1 32 7097.395 -0.001
2 1 7098.307 0.001
1 0 7096.681 -0.002
2 2 0 I 1 0 3 2 10777.501 0.001
2 1 10778.291 0.000
1 0 10776.458 0.003
2 2 10777.649 -0.000
I 1 10778.057 -0.001
2 2 1 1 1 1 3 2 10952.130 -0.002
2 1 10951.503 -0.004
1 0 10953.297 0.002
2 1 1 1 0 3 2 10761.942 0.002
3 1 2 2 4 3 10780.517 0.002
32 10779.676 0.002
2 1 10780.778 -0.001
3 3 10779.526 0.001
2 2 10781.006 -0.005
3 2 1 2 1 1 4 3 13471.611 -0.002
3 2 13472.313 0.001
2 1 13471.180 0.002
3 2 2 2 1 2 4 3 13964.715 -0.001
3 2 13964.027 -0.002
2 1 13965.099 0.001
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Table S9. Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer Ia of threonine

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.132624 -0.245984 0.365039
2 6 0 0.025056 0.468872 -0.435626
3 7 0 0.216200 1.906921 -0.247834
4 6 0 -1.336983 -0.007597 0.027956
5 8 0 -1.900230 0.407153 1.018742
6 8 0 -1.848654 -0.969887 -0.773881
7 1 0 -2.692909 -1.233457 -0.376162
8 1 0 0.166259 0.223498 -1.492123
9 1 0 -0.175815 2.180165 0.651360
10 1 0 -0.279311 2.433137 -0.960999
11 1 0 0.981594 0.009215 1.427114
12 6 0 1.131814 -1.752223 0.190180
13 8 0 2.385268 0.243130 -0.079421
14 1 0 2.255227 1.199336 -0.165688
15 1 0 1.999076 -2.171911 0.705497
16 1 0 0.227101 -2.201864 0.608104
17 1 0 1.199233 -2.008137 -0.871076

Rotational constants (GHZ) : 2.8697326 1.6085914 1.2249382



Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2008

Table S10.  Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer I'b of threonine

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.062591 -0.597176 0.003992
2 6 0 0.005021 0.359898 -0.580941
3 7 0 0.260085 1.707558 -0.077749
4 6 0 -1.382344 -0.070829 -0.141087
5 8 0 -2.181205 0.636863 0.430985
6 8 0 -1.633266 -1.351822 -0.488128
7 1 0 -2.524178 -1.548913 -0.162988
8 1 0 0.026443 0.285811 -1.678298
9 1 0 -0.620011 2.174574 0.121842
10 1 0 0.773708 2.263578 -0.751091
11 6 0 0.802249 -1.623110 -0.266508
12 1 0 2.458105 -0.260790 -0.507093
13 8 0 0.992887 -0.531069 1.419471
14 1 0 1.007988 0.417383 1.616787
15 1 0 3.183542 -0.947987 -0.065067
16 1 0 2.507373 -0.351020 -1.598109
17 1 0 2.734709 0.758384 -0.220175

Rotational constants (GHZ) : 3.1642508 1.5207517 1.3236166
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Table S11.  Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer Ila of threonine

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -1.101010 0.158160 0.353886
2 6 0 0.046308 -0.388736 -0.504560
3 7 0 0.173607 -1.829342 -0.255054
4 6 0 1.353303 0.302441 -0.095325
5 8 0 1.685321 1.391066 -0.503287
6 8 0 2.069209 -0.402245 0.796010
7 1 0 1.589305 -1.257767 0.860297
8 1 0 -0.158357 -0.133182 -1.551256
9 1 0 0.597959 -2.293508 -1.053652
10 1 0 -0.753998 -2.227822 -0.134716
11 6 0 -1.372687 1.635335 0.124612
12 1 0 -0.851240 -0.026045 1.409920
13 8 0 -2.236580 -0.639861 -0.005817
14 1 0 -2.991716 -0.300301 0.484557
15 1 0 -2.222711 1.953715 0.737729
16 1 0 -0.508232 2.245547 0.392695
17 1 0 -1.615351 1.809879 -0.927120

Rotational constants (GHZ) : 2.9060278 1.6684835 1.2010277
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Table S12.  Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer IIb of threonine.

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.130448 -0.504656 -0.195644
2 6 0 -0.036556 0.442374 -0.498585
3 7 0 -0.028076 1.693657 0.264208
4 6 0 -1.366160 -0.284650 -0.229868
5 8 0 -1.514750 -1.470039 -0.430907
6 8 0 -2.335533 0.512540 0.230735
7 1 0 -1.882589 1.375058 0.362169
8 1 0 -0.035917 0.682993 -1.569532
9 1 0 0.527637 2.407393 -0.193494
10 1 0 0.376460 1.523565 1.183733
11 6 0 2.482461 0.120481 -0.482624
12 1 0 0.994218 -1.406134 -0.802507
13 8 0 1.107673 -0.840955 1.194057
14 1 0 0.425203 -1.512031 1.310726
15 1 0 3.273656 -0.609529 -0.298809
16 1 0 2.541155 0.450340 -1.524791
17 1 0 2.656444 0.979079 0.172291

Rotational constants (GHZ) : 3.2326990 1.5426801 1.2716983
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Table S13.  Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer Ilc of threonine.

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.282545 0.395318 -0.181712
2 6 0 -0.186787 0.480531 -0.642350
3 7 0 -0.848630 1.761221 -0.361431
4 6 0 -1.006109 -0.665371 -0.028883
5 8 0 -0.595033 -1.807803 0.010620
6 8 0 -2.196035 -0.300888 0.451319
7 1 0 -2.226227 0.667735 0.281376
8 1 0 -0.189788 0.304637 -1.723632
9 1 0 -0.839011 2.368928 -1.172700
10 1 0 -0.392965 2.258061 0.398517
11 6 0 1.425604 0.430258 1.338821
12 1 0 1.800305 1.258437 -0.615859
13 8 0 1.908131 -0.746334 -0.739129
14 1 0 1.341872 -1.495410 -0.500730
15 1 0 2.486472 0.416607 1.599006
16 1 0 0.982495 1.333014 1.775176
17 1 0 0.949235 -0.444770 1.791119

Rotational constants (GHZ) : 2.6616059 1.7938537 1.3951773
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Table S14.  Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer Ill,a of threonine.

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.132798 -0.238866 0.350912
2 6 0 0.024571 0.455988 -0.460855
3 7 0 0.130063 1.895946 -0.211156
4 6 0 -1.331296 -0.145605 -0.151586
5 8 0 -1.971947 -0.864761 -0.884729
6 8 0 -1.749999 0.206686 1.095032
7 1 0 -2.608842 -0.223135 1.222966
8 1 0 0.223987 0.270167 -1.519908
9 1 0 -0.263713 2.121219 0.698971
10 1 0 -0.386747 2.425285 -0.906594
11 6 0 1.186080 -1.736120 0.116589
12 1 0 0.946274 -0.031606 1.416719
13 8 0 2.379671 0.310342 -0.040236
14 1 0 2.220136 1.263567 -0.100159
15 1 0 2.041201 -2.155334 0.652006
16 1 0 0.276376 -2.227713 0.473682
17 1 0 1.306156 -1.944596 -0.950485

Rotational constants (GHZ) : 2.8855853 1.5785377 1.2499657
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Table S15.  Cartesian coordinates for the ab initio predicted geometry (MP2/6-
311++G(d,p) level of theory) of conformer IlIgb of threonine

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.156160 0.361043 -0.398391
2 6 0 0.043402 -0.585960 -0.273667
3 7 0 -0.131266 -1.459984 0.885714
4 6 0 1.336994 0.214178 -0.194741
5 8 0 1.428618 1.409601 0.008509
6 8 0 2.419990 -0.585925 -0.338726
7 1 0 3.196905 -0.017922 -0.223862
8 1 0 0.099843 -1.211593 -1.172630
9 1 0 -0.290430 -0.887033 1.710826
10 1 0 0.699192 -2.023335 1.039873
11 1 0 -0.973503 1.017897 -1.260377
12 6 0 -2.458314 -0.391325 -0.598078
13 8 0 -1.292138 1.145246 0.785207
14 1 0 -0.521727 1.726846 0.801211
15 1 0 -3.277267 0.323556 -0.707353
16 1 0 -2.406069 -1.011415 -1.498248
17 1 0 -2.655387 -1.036109 0.259909

Rotational constants (GHZ) : 3.3822264 1.4879644 1.2394059
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