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Using microwave spectroscopy, many gas molecules have been determined dipole moments, spectroscopic
constants, and structure parameters. Through this study, we find out characteristics of gas molecules and these
data can be good information about the atmospheric chemical reaction. The spectrum of n-butylsilane, expected
to exist in the atmosphere, was analyzed. n-butylsilane has five conformers aa, ag, ga, gg, gg'. All conformers
are prolate asymmetric rotors; the kappa value is between -0.96 and -0.99. To assign rotational spectra, the ten-
tative rotational constants were calculated using Gaussian 03. For aa conformer strong a-type transition with
J from 3 to 7 were found and assigned. For ag conformer, a-type transitions and some of c-type transitions were
found. For ga conformer, a-type transition and some of b-type transitions constants were found. However, the
spectra of the gg, gg' conformer were not found. The three rotational, centrifugal distortion constants were
determined and the fit was done using Watson's S reduced Hamiltonian.
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Fig. 1. Labeling of n-butylsilane.
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Fig. 2. Microwave spectrum for n-butylsilane.

Table 1. Ab initio calculated energy and relative stability for the five conformers of n-butylsilane

E (hartree) AE (k]J/mol) Stability Intensity (T=5K) Intensity (T=10K)
aa® -448.2181 0.00 1 1 1
ag? -448.2174 1.85 2 4.39093E-20 2.09545E-10
ga? -448.2171 2.65 3 1.83243E-28 1.35367E-14
gg? -448.2168 3.37 4 6.46505E-36 2.54265E-18
gg? -448.2136 11.67 5 9.7051E-123 9.85145E-62

8Structure of conformer is given in Fig. 3.
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Fig. 3. Structure of the five conformers for n-butylsilane.
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Fig. 4. The example of peak fitting graph.
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Table 2. Spectroscopic constants for n-butylsilane aa conformer

Normal 13Cl b 13C2b 13c3b 13c4b 295ib &()Slb
A* (MHz, calc)  14280.70444 14090.73149 14257.29560 14180.74391 14205.68067 14262.98827 14246.23511
B* (MHz, calc)  1290.69150 1289.30185 1289.66373 1279.07743 1260.17072 1273.66264 1257.47314
C* (MHz, calc)  1236.19380 1233.48090 1235.07556 1224.79483 1207.62845 1220.43435 1205.44202

A (MHz)  14153.41969(163)  14113.3( 70) 14172.5( 58) 14091.7( 76) 14338.4( 96)  14136.06714(281) 14124.61106(313)
B (MHz) 1289.58040( 34) 1288.23388( 43) 1288.63102( 45) 1278.05050( 47) 1259.06285(130) 1272.637807(303) 1256.525710(313)
C MHz)  1235.150123(305) 1232.46894( 36) 1234.09706( 47) 1223.82163( 57) 1206.59165(128) 1219.468958(301) 1204.55043( 32)

« (Kappa) -0.992 -0.991 -0.992 -0.992 -0.992 -0.992 -0.992
N¢ 36 10 8 8 9 15 14
AVyn (KHz)® 4.82 9.61 8.40 10.19 11.17 7.39 8.66

Calculation were performed using MP2/6-311++G(2d,2p) Gaussian 03 program.

btom numbering is given in Fig. 1.

“Centrifugal distortion constants of D;=0.12792(305) kHz, Djx=-3.9910(293) kHz, and d;=-0.01413(136) kHz were fitted for the Normal species;
these values were held fixed in fits for the other isotopic species.

N is the number of fitted transitions.

eAVrms = Avobs - AVcalc
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Table 3. Spectroscopic constants for n-butylsilane ag, ga conformer

Normal (ag) 29gib 30gib Normal (ga)
A? (MHz, calc) 10830.20270 10827.14174 10824.25074 8544.41580
B? (MHz, calc) 1464.74797 1444.47662 1425.23287 1644.95109
C* (MHz, calc) 1390.75732 1372.46564 1355.07775 1492.98779
A (MHz) 10755.17145(171) 10787.9( 53) 10785.5( 55) 8568.65580(264)
B (MHz) 1458.06524( 46) 1437.99651( 63) 1418.94758( 46) 1628.00642(100)
C (MHz) 1386.00075( 59) 1367.85638( 63) 1350.59967( 50) 1482.33434( 77)
« (Kappa) -0.985 -0.985 20.986 -0.959
N¢ 26 7 8 13
Avrms (kHz)® 5.64 7.66 6.12 8.99

Calculation was performed using MP2/6-311+ +G(2d,2p) Gaussian 03 program.

bAtom numbering is given in Fig. 1.

“Centrifugal distortion constants of D;=0.2184(50) kHz, Dyx=-2.524(56) kHz, d,=-0.0224(52) kHz and D;=0.6289(163)
kHz, Djx=-10.147(195) kHz, d,=-0.0387(88) kHz were fitted for the Normal species in the ag, ga conformers; these
values were held fixed in fits for the other isotopic species.

N is the number of fitted transitions.

eAVrms = AVobs - AVcal(:
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Table 4. Observed transition frequencies for n-butylsilane aa, ag, ga conformer of parent species

TKa’Kc'- Normal (aa) TK2’Kc'- Normal (ag) JTKa’Kc'- Normal (ga)
J’Ka”Kc” Observed? 0-c* J'Ka’Ke” Observed? 0-C* J’Ka’Kc” Observed? 0-CP
a-type a-type a-type

313-212 7492.45348 0.00 313-212 8423.84067 0.01 313-212 9111.10024 0.00

303-202 7573.49086 0.00 303-202 8530.51219 0.01 303-202 9321.88827 0.01

312-211 7655.73951 0.00 322-221 8532.24699 0.01 312-211 9548.08198 -0.01
321-220 8533.90379 0.00

414-313 9989.72312 0.00 312-211 8640.02414 0.00 414-313 12145.47858  0.00

404-303 10097.16617 0.00 404-303 12418.55548  0.01

423-322 10098.88492 0.00 414-313 11231.27926 0.00 413-312 12728.01360  0.00

422-321 10100.59918 -0.01 404-303 11372.03942 0.00

413-312 10207.43167 0.00 423-322 11375.95869 -0.01 505-404 15506.19110  0.01
422-321 11380.13237 0.00

515-414 12486.80625 0.00 413-312 11519.51043 0.00 b-type

505-404 12620.13987 0.00 312-303 7460.52467 0.00

524-423 12623.36993 0.00 515-414 14038.28318 0.00 615-606 8666.43898 0.00

533-432 12624.52248 -0.01 505-404 14211.86624  -0.01 111-000 10051.02742 0.02

523-422 12626.80150 -0.01 524-423 14219.38972 0.00 606-515 12597.78112  -0.01

514-413 12758.93831 0.00 523-422 14227.72678 -0.01 212-101 13015.69163  -0.01
514-413 14398.55119 0.00 313-202 15908.39858  -0.01

616-515 14983.67770 0.01

606-505 15142.24701 0.00 616-515 16844.76706 0.00

625-524 15147.69820 0.01 606-505 17049.62263 0.00

633-532 15149.66601 0.00 625-524 17062.45540 0.00

624-523 15153.72900 0.01 624-523 17077.04807 0.01

615-514 15310.21074 0.00 615-514 17277.03057 0.00

717-616 17480.26437 0.00 c-type
707-606 17663.28646 -0.01 515-505 8804.44836 0.00
726-625 17671.82423 0.00 212-202 9225.47030 0.00
716-615 17861.19155 -0.01 111-101 9297.11948 0.01
110-000 12213.23810 0.00
b-type 211-101 15129.37678 0.00
111-202 7814.56095 0.00 312-202 18081.68826 0.00
110-101 12918.27795 0.00
211-202 12972.89728 0.00
312-303 13055.14564 0.00
413-404 13165.41181 0.00
514-505 13304.20872 0.00
615-606 13472.17910 0.00
716-707 13670.07714 0.00
817-808 13898.81273 0.00
918-909 14159.36537 0.00
111-000 15388.57521 0.00
212-101 17858.89067 0.00

40bserved frequency in MHz.
0-C is observed frequency minus calculated frequency in MHz.
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