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Why n-Butyl Cyanide?
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Structure of n-butyl cyanide
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Scientific goals

® Detect n-butyl cyanide 1n space

> Measure the rotational spectrum in the lab
> Fit the rotational transitions

» Predict the spectrum up to ~ 300 GHz

® Extend knowledge about molecular properties

» Find experimental evidence for 2 predicted subspecies

» Measure the dipole moment
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The New Cologne
Millimeterwave Spectrometer
With 44 m Absorption Path
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How to get a 3 mm beam twice through a 22 m
cell (¢ 10 cm) without refocusing

> 45°

Rooftop
mirror

-— Gasinlet 1

r Gasinlet 2

To vacuum pump -s—

10mw |- 1— -1*1,_—-0

Polarizer Lens
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Performance of the spectrometer

M Signal-to-noise ratio determined from ethanol line
scans at 3 different cell lengths

> 14-fold increased sensitivity compared to a 3 m cell

® Minimum detectable absorption coetficient
determined from SNR and catalog intensity:

Uy =27-10"em™"  [1=1,e™"
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Measurement and Analysis
of the Millimeterwave Spectrum
of n-Butyl Cyanide
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Conformers of n-butyl cyanide

30 % anti-anti

cis-gauche-gauche

13 %

gauche-anti

trans-gauche-gauche

anti-gauche

46 %

Abundances: Crowder 1989 (IR)
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Measured MMW spectrum
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Measured MMW spectrum
1 W75 -130 GHz in 38 scans

WM 4 weeks of continuous operation
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Fit with SPFIT / SPCAT
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Results: AA conformer

Abundance 30 %
w,=3.4D

w,=1.9D
w.~0.0D

Constant
A [T\-TH:&]
B [Mllz]
C' |[MHz|
— Dy [MHz]
—:’IJLU{ II{H/IJ
—D,,r IkHZ]
(J‘.r] [l{HZ]
:‘fg IHZ]
LTI{J [L{Z]

Bohn et al.
15028.1681(010)
1334.106100(300)
1263.857800(300)

7.63000(3000)
-0.148900(1100)
-0.0206000(14000)

This work

15028.7074(125)
1334.106090(89)
1263.857660(95)

0, 23%‘3( 124)
1189(19)
-ﬂ 14 5077(49)
-0.0219135(144)
-0.3499(210)

Hix [mHz| - To
Hj [mHz| - p hed
L;{;{J IIIleJ —
[Lincs 27 1090
Std.dev. |MHz| 0.0027 0.0206

Bohn et al. 1997:
FTMW <21 GHz
“N-HFS splittings

Dipole moments (calculated)
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Results: AG conformer

Abundance 13 %
w,=3.7D

u,~0.0D
w.=12D

Constant Bohn Et al. This work
A [MHz| | 11887.46590(170) 11887.56523(56)
l—lbﬁ 18540 {}[5[} )) 1486.185652(156)
C [MHz| | 1415.762100(500) 1415.762227(161)
— Dy [MIz] -0.1(0)
— Dy |kHZ| 2.79300(600) 2.73356(53)
— D [kllz] -0.226000(3000) -0.227000(72)
d, |kHz| -0.0160000(30000) -0.0157727(291)
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Hy 5 [H| -
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H; [mH| — P hed
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Lines 21 947
Std.dev. |[MHz| 0.0034 0.0246

Bohn et al. 1997:
FTMW < 21 GHz
“N-HFS splittings

Dipole moments (calculated)
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Results: GA conformer

Abundance 46 %
u,=3,4D
u,=19D
u.~0,0D

Constant Bohn et al. This work
A [MH[ | 7635.621000(2000) 7635.621872(281)
B [MHz] | 1788.632700(300) 1788.633069(58)
C' [MHz] | 1554.221300(300) 1554.221330(62)
— Dy [kH7] -52.7000(3000) -H2.3424(86)
— D |kHz| 10.12000(6000) 9.89704(56)
.y |1{Hz] -0.8500000{500000) -0.8600208(303)
d; |kllz] -0.2238000(14000) -0.2330517(57)
ds> |[Hz| - -8.5369(36)
H}{ |H.r5| - To
Hrp 5 [He| - hed
H i [H7] —
Lines 23 1056
Std.dev. [MHz] 0.0031 0.0309

Bohn et al. 1997:
FTMW < 21 GHz
“N-HFS splittings

Dipole moments (calculated)
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Conclusion and Outlook

Universitat zu Koln




Summary: Results so far

M Spectrometer with 14-fold increased sensitivity
>, ~27-10 'cm

M n-butyl cyanide:
» Strongly expanded data base
» Considerably higher quantum numbers, J, =49, K =32

> First predictions of several lines up to 300 GHz possible
(Av=100kHz .. 1 MHz; T = 300 K)
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Outlook

M Radio Telescope Effelsberg

» Collaboration with Karl
Menten, MPIfR Bonn

M 200 GHz measurements

W Predict spectra for the GG
conformers

¥ Isomers

M Isotopologues MPIfR

W More complex molecules
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